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GENERAL INTRODUCTION 
ABSTRACT 
In this general introduction, the theoretical context of this doctoral research is discussed.  
We start the chapter with a focus on learning disabilities in general and on reading and 
mathematical disabilities in particular.  Since the comorbidity between reading and 
mathematical disabilities is higher than could be expected by chance, comorbidity and 
approaches to study comorbidity are described as well.  In addition, in search of an 
explanation for this high comorbidity, some of the cognitive deficits of reading disabilities 
and mathematical disabilities, i.e., working memory, inhibition and naming speed, are 
discussed as possible shared cognitive risk factors of both disabilities.  Finally, we formulate 
the objectives of this research, and provide an overview of the chapters that are included in 
this doctoral dissertation. 
  
1 CHAPTER 
CHAPTER 1 
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LEARNING DISABILITIES 
Learning Disabilities Defined 
Learning disabilities (LD) are common in childhood and are estimated to affect 2% 
(Beghi, Cornaggia, Frigeni, & Beghi, 2006) to 15% of children (Dirks, Spyer, van Lieshout, & 
de Sonneville, 2008).  The International Classification of Diseases (ICD-10) defines LD as 
specific developmental disorders of scholastic skills in which the normal patterns of skill 
acquisition are disturbed from the early stages of development (World Health Organisation 
(WHO), 1992).  These impairments are not just due to a lack of opportunity to learn, to 
significantly below-average intelligence or to any form of acquired brain trauma or disease 
(WHO, 1992).  Four types of specific developmental disorders of scholastic skills can be 
distinguished: specific reading disorder, specific spelling disorder, specific disorder of 
arithmetical skills and mixed disorder of scholastic skills (WHO, 1992).  In accordance with 
the ICD-10, the Diagnostic and Statistical Manual of Mental Disorders, Text Revision (DSM-
IVTR; American Psychiatric Association (APA), 2000) categorizes learning disorders in reading 
disorder, mathematics disorder, disorder of written expression and learning disorder not 
otherwise specified.  In the DSM-5 (APA, under construction), disorders of reading, 
mathematics and/or written expression will be called ‘specific learning disorder’ instead of 
‘learning disorders’.  Whereas the specific reading disorder subtype of the ICD-10 includes 
reading and spelling problems, the reading disorder subtype of the DMS-IV-TR only encloses 
reading problems and the DMS-5 will also separate written expression from reading.   
In congruence with international studies on LD (e.g.,Murphy, Mazzocco, Hanich, & 
Early, 2007), in Flanders and the Netherlands three criteria have to be met in order to be 
diagnosed as having LD: the exclusion, persistence and severity criterion (Vandermosten et 
al., 2010).  The exclusion criterion states that the scholastic impairments may not directly be 
explained by sensory deficits, behavioral disorders, a mental disability and so on (APA, 2000; 
WHO, 1992).  Secondly, the problems have to be persistent and resistant to instruction 
(Fletcher, Francis, Morris, & Lyon, 2005).  In order to be sure of this persistence, it is 
important to consider consistency in performance over time (Fletcher et al., 2005; 
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Mazzocco & Myers, 2003).  At last, the criterion of severity should be pointed out 
(Vandermosten et al., 2010).  Children with LD have to perform significantly below expected 
on reading, spelling or mathematics tests.  In literature, interpretation of this significantly 
below expected scholastic performance strongly varies across studies (Geary, Hoard, Byrd-
Craven, Nugent, & Numtee, 2007; Vukovic, 2012).  Recently, the distinction was made 
between mild and severe LD.  The 10th percentile or standard score (SS) 5 is often proposed 
as cut off score to operationalize severe LD (e.g., Geary, 2011; Murphy et al., 2007; Van De 
Voorde, Roeyers, Verté, & Wiersema, 2010).  Mild LD are operationalized by a cut off score 
of the 25th percentile or SS 7 (Vukovic, Lesaux, & Siegel, 2010; Vukovic & Siegel, 2010).  In 
this dissertation, we will use these inclusion criteria and make the same distinction between 
mild and severe LD.  
Disabilities versus Disorders 
Throughout this dissertation, the term ‘disabilities’ was chosen above the term 
‘disorders’.  This choice was made because of the connotation of both terms.  Whereas 
‘disorders’ rather reflect the idea of deficits inherent to a person himself, the concept of 
disabilities emphasizes the interaction between the society and the so called impairments 
one suffers from (Devlieger, Rusch, & Pfeiffer, 2003).  Some of the many characteristics a 
certain individual has, become ‘symptoms’ depending on (the interactions with) the 
environment and society one lives in (Devlieger, Rusch, & Pfeiffer, 2003).  This important 
influence of society is for instance reflected in the differences between prevalence of 
reading disabilities across countries: the more transparent the orthography is, the lower the 
prevalence (Grigorenko, 2001).   
In western society, being able to rapidly recognize words by sight and hence to read 
efficiently, is crucial for daily life functioning (Schatschneider & Torgesen, 2004).  Adequate 
reading skills are required everywhere in our computer-literate society (Katzir et al., 2006).  
We need to read at work, in the supermarket, if we want to look something up on internet 
and so on.  In congruence, numeracy is needed for everyday living in the 21st century as 
well.  Individuals who do not have adequate basic competencies in mathematics are clearly 
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disadvantaged in day-to-day activities and at work (Geary, Hoard, Nugent, & Bailey, 2012).  
Hence, in our society, having reading or mathematical problems really is a disability.  For 
children suffering from LD, adequate assessment and treatment and individualized support 
is of crucial importance in a society where numeracy and literacy are supposed to be 
evident.  Although being fully aware of the influence of (the interaction with) society and 
environment, this dissertation focuses on impairments in children with LD themselves.  If 
we gain knowledge about cognitive factors inherent to LD, we can help these children in a 
more profound manner and provide them with more opportunities to coop with or achieve 
the skills they need in our high-functioning numeracy and literacy society. 
Reading Disabilities 
Reading and spelling.  Reading is a complex process that relies on the integration of 
visual, orthographic, phonological, and semantic information (Ziegler et al., 2008).  It entails 
extracting and constructing meaning from written text, and depends strongly on the 
adequate development of word identification and language acquisition (Vellutino, Fletcher, 
Snowling, & Scanlon, 2004).  According to dual-route models of reading, two kinds of 
analyses are required to read: orthography has to be processed visually and graphemes 
have to be transferred to phonemes (Bates et al., 2007b).  Graphemes are written single 
letters or letter combinations and represent spoken phonemes (Houghton & Zorzi, 2003).  
Reading occurs via the lexical orthographic route and the non-lexical phonological route 
(Ziegler et al., 2008).  The lexical route is necessary for the reading of both familiar and 
irregular words, while the non-lexical route is especially of importance for the initial reading 
phases and for novel words and pseudowords (Coltheart, Rastle, Perry, Langdon, & Ziegler, 
2001).  Reading exclusively by the lexical route may cause remarkable more errors (e.g., 
reading the more frequently used word ‘window’ instead of ‘widow’), while reading 
exclusively by the non-lexical route is very time-consuming (Ziegler et al., 2008).  Based on 
these dual-route models and in line with e.g., Van De Voorde et al. (2010), both word 
reading fluency and reading of pseudowords are tested in our doctoral research.  Word 
reading fluency is measured by the One Minute Reading Test (EMT; Brus & Voeten, 1999) 
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and pseudoword reading by the Klepel (Van den Bos, Spelberg, Scheepstra, & de Vries, 
1994).   
It is frequently proposed that spelling processes mirror reading processes and hence 
occur in dual routes (Bates et al., 2007a; Houghton & Zorzi, 2003).  The first route is the 
lexical orthographic route, which is used for the spelling of learned and irregular words 
(Bates et al., 2007a).  The second route is the non-lexical or phonological route and is used 
to spell novel or poorly learned words (Houghton & Zorzi, 2003).  In this doctoral research, 
in line with e.g., Notenboom and Reitsma (2003), spelling is assessed with Paedological 
Institute-dictation (PI-dictee; Geelhoed & Reitsma, 2000), a Dutch standardized test in 
which children have to write down words with an increasing difficulty level. 
Terminology, definition and prevalence.  Studies on LD use the terms reading 
disorder (e.g., Van De Voorde et al., 2010), developmental dyslexia (e.g., Vukovic & Siegel, 
2006) and reading disabilities (e.g., Geary, 2004) to refer to the same construct.  In line with 
the concept ‘learning disabilities’, the term ‘reading disabilities’ (RD) will be used in this 
dissertation.  
RD are defined as impairments in reading and/or spelling abilities.  This is in contrast 
with the DSM-IVTR (APA, 2000), who considers RD as problems with reading only, but in 
congruence with the ICD-10 (WHO, 1992).  These impairments are at a level that is 
significantly below expected given the age and effective teaching (Ziegler et al., 2008).  The 
persisting impairments remain despite help (Fuchs et al., 2007; Kavale & Spaulding, 2008) 
and are not directly related to or explained by extraneous factors, such as impairments in 
general intelligence or sensory deficits (Crews & D'Amato, 2009; Schatschneider & 
Torgesen, 2004; Silver et al., 2008; Vellutino et al., 2004).   
RD are diagnosed more often in boys than in girls (Liederman, Kantrowitz, & 
Flannery, 2005): at least 60% of the children with RD are boys (Hasselhorn & Schuchardt, 
2006).  The prevalence of RD is approximately between 5 to 12% of children (Schumacher, 
Hoffmann, Schmal, Schulte-Korne, & Nothen, 2007).  However, since language and 
orthography play an important role in reading, prevalence of RD may differ across countries 
(Callens, Tops, & Brysbaert, 2012).  For instance, it is estimated to be 1% in China and 33% 
in Venezuela (Grigorenko, 2001).  Clear differences are marked between regular and more 
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irregular orthographies (Bergmann & Wimmer, 2008) and it assumed that different 
problems are manifested in RD in languages that embed regular grapheme-phoneme 
correspondence than in languages with a less transparent orthography and grapheme-
phoneme mapping (Bergmann & Wimmer, 2008; Callens, Tops & Brysbaert, 2011).  
 Aetiology: biological factors.  Although environmental risk factors also seem to be of 
importance, converging evidence is found for a strongly genetic influence of reading and RD 
(Gabel, Gibson, Gruen, & LoTurco, 2010; Peterson & Pennington, 2012; Vellutino et al., 
2004).  For instance, several studies showed how 25% to 60% of the parents of children with 
RD also suffered from reading impairments (Vellutino et al., 2004).  Linkage studies have 
suggested genetic loci for RD on chromosomes 1, 2, 3, 4, 6, 11, 15, 17, 18 and X (Bates et al., 
2007b; Brkanac et al., 2007; Svensson et al., 2011).  In addition, studies have proposed more 
than 14 candidate genes (Poelmans, Buitelaar, Pauls, & Franke, 2011), for instance 
DCDC2DYX1C1 (chromosome 15; e.g., Bates et al., 2010; Brkanac et al., 2007), DCDC2 
(chromosome 6; Scerri et al., 2011) and KIAA0319 (chromosome 6; Scerri et al., 2011).  
However, findings are still mixed (Brkanac et al., 2007; Svensson et al., 2011).  RD has to be 
considered neurobiological in origin (Grigorenko, 2001; Schatschneider & Torgesen, 2004).  
Studies revealed the crucial role of three regions in the left hemisphere for fluent reading 
(Poelmans et al., 2011).  For instance, studies reported underactivation of the left 
hemisphere temporoparietal regions (responsible for phonological processing and 
grapheme-phoneme conversion) and of the left hemisphere occipitotemporal region 
(responsible for word recognition; Peterson & Pennington, 2012).  Moreover, it has been 
found that right hemispheres display increased activity in children with RD.  For instance, 
the right temporoparietal regions showed more activation in reaction to word and non-
word reading (Scerri & Schulte-Koene, 2010).  
Aetiological theories at the cognitive level.  There are several hypotheses 
concerning the causes of RD (Pennington et al., 2012).  Deficits in phonologically related 
processes are considered one of the core problems of RD (e.g., Peterson & Pennington, 
2012; Vellutino et al., 2004), but one may assume that multiple causes interact and hence 
impair reading performance (Castles, McLean, & McArthur, 2010).  As a consequence, 
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several aetiological theories on RD exist.  Of those theories, the phonological deficit theory 
is the most common accepted (e.g., Snowling, 2001).  Children with RD suffer from 
problems with phonological processing (Alonso-Bua, Diaz, & Ferraces, 2006), i.e., the 
capacity to understand and manipulate the sound system of spoken words to process oral 
and written information (Allor, 2002; Snowling, 2001).  Phonological awareness can be 
considered as one aspect of phonological processing (Schatschneider & Torgesen, 2004).  
Another theory is the double-deficit hypothesis of Wolf and Bowers (1999).  The 
theory focuses both on phonological processing and naming speed.  Naming speed has to 
be seen as a window on how rapid visual-verbal connections are made during reading 
processes (Wolf & Bowers, 1999) and would have a rate-limiting factor in common with the 
quality and accessibility of orthographic representations of words established in the lexicon 
during reading acquisition (Savage, Lavers, & Pillay, 2007).  The double-deficit hypothesis is 
based on findings of for instance Denckla and Rudel (1976), who reported naming speed 
deficits in children with RD.  The hypothesis states that deficits in phonological processes as 
well as impairments in naming speed underlie RD in a different way and are two separate 
causes of reading dysfunction (Wolf, Bowers, & Biddle, 2000).  As a consequence, perhaps 
even different subtypes of RD can exist: the phonological-deficit subtype, the naming 
speed-deficit subtype and the double-deficit subtype (Wolf & Bowers, 1999). Children with 
this last subtype would be double disadvantaged in acquiring reading of existing and 
pseudowords, and spelling and hence show the most severe impairments (Savage et al., 
2005).  Several studies reported naming speed deficits in children with RD (Van De Voorde 
et al., 2010; van der Sluis, de Jong, & van der Leij, 2004; Willburger, Fussenegger, Moll, 
Wood, & Landerl, 2008). 
The dyslexia automatization deficit hypothesis and general magnocellular deficit  
hypothesis should be mentioned as well as hypotheses about RD.  The dyslexia 
automatization deficit hypothesis assumes that children with RD experience a general 
deficit in the automatization of learning (e.g., Nicolson & Fawcett, 2005).  This deficit would 
even be evident in tasks that have nothing to do with reading and spelling, such as balance 
automaticity (Savage & Frederickson, 2006) and would be caused by cerebellar deficits 
(Nicolson, Fawcett, & Dean, 2001).  The general magnocellular deficit hypothesis states that 
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children with RD are unable to correctly process fast incoming visual and auditory 
information (Boets et al., 2011; Stein & Walsh, 1997).  These impairments in visual, auditory 
and tactile magnocellular systems may cause problems in reading and spelling (Stein, 2001).  
Finally, research has found evidence that deficits in working memory (Savage et al., 
2007) are associated with RD.  Working memory can be considered as an active system 
which regulates complex cognitive behavior and is, among others, responsible for the 
storage and processing of verbal and visuospatial information (Baddeley, 1986).  The 
phonological loop is often seen as an important component of phonological processing 
(Gathercole, Alloway, Willis, & Adams, 2006) and hence some authors interpret deficits in 
the phonological loop as evidence for the phonological deficit hypothesis (Kibby, Marks, 
Morgan, & Long, 2004).  However, several studies have reported problems in the central 
executive component of working memory as well (e.g., Siegel & Ryan, 1989; Swanson, 
Zheng, & Jerman, 2009).  Moreover, among other executive functioning (i.e., control 
mechanisms that coordinate and regulate cognitive processes during cognitive tasks), 
inhibition would underlie RD (e.g., de Jong et al., 2009; Purvis & Tannock, 2000; van der 
Schoot, Licht, Horsley, & Sergeant, 2000).  Theoretical accounts of reading have emphasized 
the important role of inhibition in the reading process (Schmid, Labuhn, & Hasselhorn, 
2011).  Failures to inhibit improper (though more dominant) pronunciations might impair 
word recognition performance in a more profound manner (Chiappe, Hasher, & Siegel, 
2000). 
Throughout this dissertation, we pay attention to those theories that seem to 
overlap with theories of mathematical disabilities (MD), in order to gain more insight into 
the processes underlying RD, MD and combined reading and mathematical disabilities 
(RD+MD) and into the relationship between these LD.  In Chapter 3, emphasis lies on 
deficits in working memory, in Chapter 4 and 5 on deficits in inhibition and in Chapter 6 on 
naming speed.   
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Mathematical Disabilities 
Mathematics and preparatory mathematical abilities.  Mathematics is a complex 
concept that exists of many domains (Dowker, 2005).  Some researchers suppose that 
everyone is born with an ability specialized for recognizing and mentally manipulating 
numerosities (Butterworth, 1999; Dehaene & Cohen, 1997).  According to those authors, 
the number sense system matures in the first year of life and is a crucial aspect of numerical 
cognition in adulthood (Wilson & Dehaene, 2007).  Number sense is the foundation for later 
mathematical development (Andersson & Ostergren, 2012) and appears to be independent 
from other abilities (Landerl, Bevan, & Butterworth, 2004).  In this light, development has to 
be seen as an increasing understanding of numerosity and a growing ability in manipulating 
numerosities (Butterworth, 2005).  Von Aster and Shalev (2007) propose a four step 
developmental model of numerical cognition (Figure 1).  The model postulates that the 
number sense system provides the basic meaning for number.  The process of linguistic and 
Arabic symbolization are a precondition for the last phase, i.e., the development of a mental 
number line (von Aster & Shalev, 2007).  
 
Figure 1. The four step developmental model of numerical cognition (Shalev & Von Aster, 2007, p 
870) 
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The model of von Aster and Shalev (2007) has commonalities with the well-known 
and wide accepted triple code model (Dehaene, 1992; Dehaene, Piazza, Pinel, & Cohen, 
2003).  According to the triple code model, there are three types of number 
representations.  Two of them are symbolic and format-dependent: a visual Arabic number 
form (e.g., ‘5’) and a verbal word frame with number-words (e.g., ‘five’).  One is non-
symbolic and format-independent: the analogue magnitude representation (e.g., five dots; 
Dehaene et al., 2003).  For a visualization of the triple code model, we refer to Figure 2.   
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Preparatory mathematical abilities.  Counting can be seen as the first contact 
between the child’s number sense and cultural conceptual tools (Butterworth, 2005).  
Around the age of 2, children learn to count (see Gelman and Gallistel, 1978 for an overview 
of counting principles).  Research has shown the importance of both conceptual and 
procedural counting for later mathematical performance (e.g., Aunola, Leskinen, Lerkkanen, 
& Nurmi, 2004; Stock, Desoete, & Roeyers, 2009, 2010).  Conceptual counting knowledge 
reflects a child’s understanding of counting procedures, whereas procedural counting 
knowledge is seen as the child’s ability to perform a counting task (Stock et al., 2010).  In 
the first year of elementary school, finger counting is a frequently used strategy, which is 
replaced by more mature and complex strategies later on (Geary, 2004).  Other important 
preparatory mathematical abilities are seriation, classification, conservation and inclusion, 
as postulated by Piaget and Szeminska (1941).  Seriation is the ability to sort a number of 
objects based on the differences in a particular dimension; classification is the ability to sort 
objects based on their similarities; inclusion has to be seen as the ability to make 
hierarchical classifications and conservation is the knowledge that the number of items only 
change once items are added or removed (Stock et al., 2010).  In Chapter 2, preparatory 
mathematical abilities are studied in children with persistent mild MD. 
Terminology, definition and prevalence.  Studies on LD use the terms 
(developmental) dyscalculia (e.g., Shalev, Auerbach, Manor, & Gross-Tsur, 2000), 
mathematical learning disabilities (e.g., Geary et al., 2007) and mathematical disabilities 
(e.g., Light & Defries, 1995) to refer to problems with mathematics.  Whereas the terms 
‘developmental dyslexia’ and ‘reading disabilities’ are used interchangeable in RD research, 
some authors (e.g., Rubinsten & Henik, 2009) consider the term ‘developmental dyscalculia’ 
as different from ‘mathematical disabilities’.  According to them, children with 
‘developmental dyscalculia’ are those children suffering from a specific numerosity 
processing deficit.  In their opinion, children with ‘mathematical disabilities’ experience 
problems on a broader spectrum of mathematical domains, due to the fact that causes 
underlying MD are heterogeneous (Rubinsten & Henik, 2009).  In congruence with the 
concepts ‘learning disabilities’ and ‘reading disabilities’, we will use the term ‘mathematical 
disabilities’ in this dissertation. 
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Most researchers currently report a prevalence of MD between 3-14% of children 
(Barbaresi, Katusic, Colligan, Weaver, & Jacobsen, 2005; Rubinsten & Henik, 2009; Shalev, 
Manor, & Gross-Tsur, 2005).  Recently, Geary (2011) estimated a prevalence of 
approximately 7% of children.  The majority of studies have shown balanced gender ratios 
(Landerl & Moll, 2010; Shalev et al., 2000; Shalev et al., 2005). 
MD are defined as impairments in math abilities, at a level that is significantly below 
expected given the age and effective teaching.  Moreover, the mathematical impairments in 
MD are not explained by extraneous factors, such as sensory deficits (Landerl et al., 2004; 
Passolunghi, Vercelloni, & Schadee, 2007) and have to be persistent (Fletcher et al., 2005).  
In order to be sure of the persistence of MD, it is important to consider consistency in 
performance over time (Fletcher et al., 2005; Mazzocco & Myers, 2003).  Chapter 2 focuses 
on this persistence in children with mild MD. 
Problems with learning and remembering arithmetic facts and executing 
mathematical procedures, such as mental arithmetics and number knowledge, are defining 
features of most children with MD (Dowker, 2005; Geary, 1993; Jordan, Hanich, & Kaplan, 
2003; Rousselle & Noel, 2007; Wilson & Dehaene, 2007).  In addition, literature on MD has 
distinguished two subtypes: MD in semantic memory (suffering from problems with fact 
retrieval) and MD in procedural mathematical skills (experiencing problems with for 
instance mental arithmetics and number knowledge; Geary, 2004; Rouselle & Noël, 2007).  
For this reason, in line with e.g., Pieters, Desoete, Roeyers, Vanderswalmen, and Van 
Waelvelde (2012) both the Arithmetic Number Facts Test (Tempo Test Rekenen, TTR; De 
Vos, 1992) and the Kortrijk Arithmetic Test Revision (Kortrijkse Rekentest Revisie, KRT-R; 
Baudonck et al., 2006) were used in this doctoral research.  The TTR measures number fact 
retrieval and the KRT-R procedural mathematical skills, in particular mental arithmetics and 
number knowledge.  Both standardized tests are frequently used in Flemish education (e.g., 
Stock, Desoete, & Roeyers, 2010).  
 Aetiology: biological factors.  Although studies support a genetic etiology, 
knowledge about the role of genetics in MD is restricted (Shalev et al., 2001).  Research 
focused especially on the search for single nucleotide polymorphisms (SNPs)-sets (Docherty 
et al., 2011).  At present, very few studies conducted molecular genetic research specifically 
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investigating mathematical ability or MD (Docherty, Kovas & Plomin, 2010).  Candidate 
genes associated with both math ability and MD are MMP7, GRIK1 and DNAH5 (Docherty et 
al., 2010).  
In addition, familial prevalence of MD is significantly higher than reported in the 
general population (Alarcon, DeFries, Light, & Pennington, 1997; Gross-Tsur, Manor, Kerem, 
Friedlander, & Shalev, 1998).  Evidence was found for the localization of numerical 
processing in the parietal lobe (Wilson & Dehaene, 2007).  In particular, the horizontal intra-
parietal sulcus is hypothesized to contain a non-verbal representation of numerical quantity 
(mental number line; Dehaene et al., 2003; Landerl et al., 2004; Wilson & Dehaene, 2007).  
In addition, the left angular gyrus is more active in verbal numerical tasks and the posterior 
superior parietal lobe in numerical tasks that require the shifting of spatial attention 
(Dehaene et al., 2003).  In congruence with these results, children with MD show a higher 
activation of the intra-parietal sulcus during comparison of numbers and quantities 
(Mussolin et al., 2010).  Moreover, a study of Davis et al. (2009) revealed that children with 
MD showed more prefrontal activation.  Reduced grey matter has been observed in the left, 
the right and the bilateral intraparietal sulcus (Butterworth, 2010; Rubinsten & Henik, 2009; 
Dehaene et al., 2003).   
 Aetiological theories at the cognitive level.  Causes of MD remain unclear.  As in the 
manifestation of MD, heterogeneity in etiology might be expected (Rubinsten & Henik, 
2009).   
According to the authors making the distinction between MD and developmental 
dyscalculia, developmental dyscalculia is caused by impairments in number processing  
(Butterworth, 1999; Dehaene & Cohen, 1997).  Children with developmental dyscalculia fail 
to represent and process numerosity in a normal way.  These impairments are fundamental 
and as a consequence, children with developmental dyscalculia suffer from problems with 
basic mathematical functions (e.g., subitizing) as well as with more advanced mathematical 
skills (Rubinsten & Henik, 2009).  More specific impairments in symbolic representations or 
in the link between the non-symbolic and the symbolic modules might underlie 
developmental dyscalculia as well (Dehaene et al., 2003; Wilson & Dehaene, 2007).  None of 
the previous studies investigating the defect number module (Butterworth, 1999) or 
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impairments in number sense (Dehaene, 1997), paid attention to numerosity processing 
with no symbolic processing requirements (Rouselle and Noël, 2007).  Based on this lack of 
research, the access deficit hypothesis (Rousselle and Noël, 2007) was proposed.  It states 
that children with developmental dyscalculia rather experience problems with accessing 
numerical meaning from symbols than with processing numerosity per se (Rousselle & Noël, 
2007).  As for the defect number module hypothesis (e.g., Piazza et al., 2010), evidence was 
found for this theory as well (e.g., De Smedt & Gilmore, 2011; Rousselle & Noel, 2007).  
Recently, Noel and Rousselle (2011) argued for an integration of both theories, by assuming 
that the first deficit in developmental dyscalculia concerns the building of an exact 
representation of numerical value and that impairments in the approximate number 
magnitude system appear as a secondary deficit (Noël & Rousselle, 2011).  
 Other authors believe that those impairments in number processing might, together 
with several other causes, underlie MD (e.g., Andersson & Ostergren, 2012; Geary, 2012).  It 
is assumed that impairments in working memory and executive functioning may also be 
related to MD (e.g., Passolunghi & Siegel, 2004; Swanson & Jerman, 2006; Zhang & Wu, 
2011).  Concerning working memory, impairments in the phonological loop might play a 
very important role in arithmetic fact retrieval deficits (Geary, 1993; Geary, Hoard, Byrd-
Craven, & DeSoto, 2004), while the delayed procedural development in children with MD 
would be associated with information manipulation and representation in the central 
executive (Wilson & Dehaene, 2007).  In addition, research has shown that inhibition is 
predictive for mathematical abilities and necessary in math performance (Bull & Scerif, 
2001), for instance to see that ‘+’ is not ‘x’, ‘6’ is not ‘9’ and ‘21’ is not ‘12’ and for the active 
suppression of immature strategies.  In line with these findings, it has been argued that 
inhibition might underlie MD (Bull & Scerif, 2001).  Finally, naming speed problems in 
children with MD were reported as well (e.g., Geary, 2011; Temple & Sherwood, 2002) and 
research on math abilities has also revealed a general relationship between math 
computation skills and naming speed (Hecht, Torgesen, Wagner, & Rashotte, 2001). 
Throughout this dissertation, we will focus on working memory, naming speed and 
inhibition, since those theories seem to overlap with theories of RD and we want to gain 
more insight into the processes related to both learning disabilities.  We will pay attention 
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to number processing as well, but to a less extent.  In Chapter 2 en 3, emphasize lies on 
deficits in working memory, in Chapter 4 and 5 on deficits in inhibition and in Chapter 6, on 
naming speed. 
ENDOPHENOTYPES 
Recently, the focus of developmental disabilities research is shifting from studying 
phenotypes to studying endophenotypes (Waldman et al., 2006).  Endophenotypes are 
thought of as those variables that more strongly and directly reflect the effects of genes 
that influence risk to develop a disorder than do diagnostic categories (Bidwell, Willcutt, 
DeFries, & Pennington, 2007; Castellanos & Tannock, 2002; Waldman et al., 2006).  They are 
linked to deeper conceptual levels than those of characteristics manifested at the 
behavioral level (Castellanos et al., 2005) and could be neurobiological, psychophysiological 
or cognitive/neuropsychological constructs (Viding & Blakemore, 2007; Waldman et al., 
2006).  Endophenotypes should be seen as the bridge between the genes involved in 
disorder pathophysiology and overt behavioral phenotypes (Neuhoff et al., 2012).  Both in 
RD and in MD, behavioral manifestations of the disabilities are heterogenous (Helland, 
2007; Rubinsten & Henik, 2009). Moreover, a variety of endophenotypes may be associated 
with the same behavioral outcome (Viding & Blakemore, 2007) and the endophenotype 
might have a simpler etiology than the symptoms of the disorder (Bidwell et al., 2007, 
Neuhoff et al., 2012).  Hence, to better understand the causal pathways leading to the 
development of learning disabilities, it may be very useful to investigate endophenotypes as 
well (Helland, Plante, & Hugdahl, 2011).  In addition, studying endophenotypes may 
broaden our knowledge on the comorbidity between RD and MD.  If an endophenotype is 
related to both RD and MD, it might be possible that both disabilities are not just 
phenotypically associated with each other (Rommelse et al., 2009).  In this dissertation, we 
will investigate working memory, inhibition and naming speed.  
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COMORBIDITY 
Hypotheses and Models 
Comorbidity can be defined as two or more disorders that co-occur together (Neale 
& Kendler, 1995).  In accordance with Angold, Costello, and Erkanli (1999), we can distinct 
homotypical from heterotypical comorbidity.  The first form refers to the co-occurrence of 
two disorders from the same diagnostic grouping (e.g., RD and MD), whereas the latter 
refers to two or more disorders from different diagnostic groupings (e.g., MD and ADHD; 
Angold et al., 1999).  Kaplan, Crawford, Cantell, Kooistra, and Dewey (2006) prefer the term 
‘co-occurrence’ above ‘comorbidity’.  Whereas the term ‘comorbidity’ states that the 
disorders are independent of each other, the term ‘co-occurrence’ holds no implications for 
an underlying causality between both disorders (Kaplan et al., 2006).  The disorders might 
be strongly related as well as independent of each other. In our opinion, ‘co-occurrence’ is 
indeed more accurate in the context of LD.  However, since ‘comorbidity’ is far more used in 
studies on LD (e.g., van der Sluis et al., 2004), we will apply this term in this dissertation. 
Research on comorbidity in developmental disorders seems to evolve from single to 
multiple deficit models (Pennington, 2006).  As a consequence, the focus of studies is 
changing from searching for one correct comorbidity model (e.g., the phenocopy model, see 
Neale & Kendler, 1995 and Rhee et al., 2005 for a very nice overview of these models) to 
looking for possible shared cognitive risk factors (e.g., McGrath et al., 2011).  The multiple 
deficit model assumes that developmental disorders are multifactorial and that correlations 
between developmental disorders at the cognitive level may cause comorbidity at the 
behavioral level (Pennington, 2006).  Whereas the single deficit models try to define the 
relations between developmental disorders in terms of double dissociations, the multiple 
deficit model investigates these relations in terms of partial overlap (Shanahan et al., 2006).  
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Comorbidity and Learning Disabilities 
It is estimated that between 3.4% (Badian, 1999) and 7.6% (Dirks et al., 2008) of the 
population suffers from both RD and MD.  In the few studies that have investigated this 
topic, prevalence was higher than would be expected by chance (Dirks et al., 2008): if RD 
(with prevalence p) and MD (with prevalence q) were independent, than RD+MD should 
arise with frequency pq (Neale & Kendler, 1995).  As a consequence, research on 
comorbidity in LD can pose challenges for the categorization of LD and how we think about 
their causes (Pennington et al., 2006).  It may help us to improve differential diagnosis and 
treatment in clinical practice. 
Strong evidence was found for the multifactorial aetiology of both RD and MD 
(Helland, 2007; Rubinsten & Henik, 2009).  LD appear to be the result of interplay between 
both general and disorder-specific risk factors (Landerl & Moll, 2010) and hence point in the 
direction of partial overlap between both disabilities (Swanson, Jerman, & Zheng, 2008).  At 
the cognitive level, among others, evidence was found for problems in working memory 
(Geary et al., 2007; Savage et al., 2007), inhibition (de Jong et al., 2009; Zhang & Wu, 2011) 
and naming speed (McGrath et al., 2011; Willburger et al., 2008 ) both in RD and MD.  
Despite these facts, research on working memory, inhibition or naming speed in children 
with specific RD, specific MD, as well as with combined RD+MD is rare.  
One of the main aims of this dissertation is therefore to investigate working memory 
(Chapter 3), inhibition (Chapter 4 and 5) and naming speed (Chapter 6) in children with RD, 
with MD and with MD+RD.  If the same problems are found both in RD and in MD, they 
might be considered cognitive risk factors.  Underadditivity would be the case if the 
comorbid group performs at a similar level than the RD and the MD group on one of those 
cognitive skills (Shanahan et al., 2006).  If the opposite is true and the cognitive impairments 
in MD are independent of those in RD, then the RD+MD group would be nothing more than 
the sum or the additive combination of the deficits in each pure group (Landerl et al., 2004; 
Pauly et al., 2011; van der Sluis et al., 2004; Willburger et al., 2008; Willcutt, Pennington, 
Olson, Chhabildas, & Hulslander, 2005).  
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WORKING MEMORY 
Model of Baddeley 
The multicomponent model of Baddeley (1986) consists of the central executive, the 
phonological loop and the visuospatial sketchpad (see Figure 3).  According to Baddeley 
(1986), working memory has to be seen as an active system that regulates complex 
cognitive behavior.  In the model, the central executive is an attentional control system, 
which executes the processing aspects of a task.  The central executive strongly interacts 
with one multi-dimensional and two domain-specific storage systems.  The phonological 
loop is responsible for the storage and maintenance of verbal information; the visuospatial 
sketchpad has similar responsibilities for visual and spatial information (Baddeley, 1986).  
Later on, the episodic buffer was added to the model (Baddeley, 2000).  The episodic buffer 
is conceptualized as a multidimensional store that can be fed from the other working 
memory components, from long-term memory or through perception (Baddeley, Allen, & 
Hitch, 2010).  Since the multicomponent model of Baddeley (1986) is used by the main part 
of LD studies investigating working memory (e.g., Passolunghi & Siegel, 2004; van der Sluis, 
van der Leij, & de Jong, 2005) and knowledge concerning the exact role of the episodic 
buffer in the working memory model is restricted (Baddeley et al., 2010), Baddeley’s model 
of 1986 will be used in this dissertation.  
Forward recall tasks have a minimal processing load, whereas this load is much 
higher in backward spans (Baddeley, 1996) and maximized in dual tasks (Bayliss, Jarrold, 
Gunn, & Baddeley, 2003).  Forward and backward recall tasks and dual tasks are often used 
in LD research (e.g., Geary et al., 2007; Passolunghi & Siegel, 2004).  Hence, in this 
dissertation forward recall tasks are conducted as measures of the phonological loop and 
the visuospatial sketchpad, while backward recall and dual span tasks are used as measures 
of the central executive.   
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Figure 3.  The multicomponent working memory model we used (Baddeley, 2000, p 418) 
Working memory in Children with Learning Disabilities 
 Working memory in children with RD.  Studies have reported less good 
performance of children with RD in comparison to control children on the phonological loop 
(e.g., Kibby et al., 2004) as well as on the central executive (e.g., Beneventi, Tonnessen, 
Ersland, & Hugdahl, 2010; Chiappe et al., 2000; Jeffries & Everatt, 2004; Siegel & Ryan, 
1989).  For instance, in a meta-analysis of 88 studies on working memory in children with 
RD of average intelligence, Swanson et al. (2009) found that overall memory problems were 
primarily moderated by deficiencies related to the central executive and the phonological 
loop.  Knowledge concerning the visuospatial sketchpad in children with reading disabilities 
is restricted and findings are ambiguous.  Whereas some studies report impairments in 
children with RD (e.g., Gathercole et al., 2006; Swanson & Sachse-Lee, 2001), others do not 
(e.g., Jeffries & Everatt, 2004; Kibby et al., 2004).  
 Working memory in children with MD.  There is a general agreement on central 
executive impairments in children with MD (Geary, 2011).  However, literature reveals 
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mixed results concerning the slave systems (Passolunghi & Cornoldi, 2008).  Some studies 
found deficits in both the phonological loop and the visuospatial sketchpad (e.g., Geary et 
al., 2007), while others marked only problems in the visuospatial sketchpad (e.g., 
Gathercole & Pickering, 2000; McLean & Hitch, 1999) or in none of the slave systems 
(Passolunghi & Siegel, 2004; Swanson & Sachse-Lee, 2001).   
 In sum, studies on RD as well as on MD revealed mixed results for problems in 
working memory.  In addition, research investigating RD, MD and RD+MD is scarce and little 
is known about working memory in children with RD+MD. 
INHIBITION 
Executive Functioning 
Executive functioning can be described as the general purpose control mechanisms 
that coordinate, regulate and control cognitive processes during the operation of cognitive 
tasks (Miyake et al., 2000) and are localized in the central executive control system of 
working memory (Baddeley, 1986).  Among them, inhibition is one of the most crucial 
processes (Barkley, 1999; Miyake et al., 2000) and has to be seen as a family of functions 
instead of as an unitary capacity (Friedman & Miyake, 2004; Nigg, 2000).   
Model of Nigg  
In his heuristic taxonomy, Nigg (2000) separates executive inhibition from 
motivational and automatic inhibition.  The former might be considered part of executive 
functioning. Executive or effortful inhibition is categorized in interference control, 
behavioral, oculomotor and cognitive inhibition (Nigg, 2000).  Interference control refers to 
the ability to maintain response performance and suppress competing, distracting, or 
interfering stimuli that evoke a competing motor response (Nigg, 2000).  It is often 
measured by Stroop and Flanker tasks.  Since Nigg (2000) describes (variations on) the 
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Stroop task as one of the most widely cited measures of interference control in the 
psychopathology literature, this task will be used in this dissertation as well.   
In addition, behavioral inhibition is seen as the capacity to suppress a prepotent or 
dominant response and entails the deliberate control of a primary motor response in 
compliance with changing context cues (Nigg, 2000).  The Go/no-go is a frequently 
conducted measure of behavioral inhibition (e.g., Friedman & Miyake, 2004; Purvis & 
Tannock, 2000) and hence will be used in this dissertation.   
Oculomotor inhibition entails the effortful suppression of reflexive saccade (often 
measured by the antisaccade task), while cognitive inhibition is considered the active 
suppression of information to exclude it from working memory, reflected in e.g., intrusion 
errors committed in working memory tasks (Nigg, 2000).  In this dissertation, we focus on 
behavioral inhibition and interference control.  
Table 1 
Effortful inhibition of motor or cognitive response (Nigg, 2000, p. 228) 
Inhibition type Definition 
Interference control  
 
Prevents interference due to resource or 
stimulus competition 
Cognitive inhibition  
 
Suppresses nonpertinent ideation to protect 
working memory/attention 
Behavioral inhibition Suppresses prepotent (automatic/prepared) 
response, suppresses cued but socially 
inappropriate response 
Oculomotor inhibition Effortful suppression of reflexive saccade 
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Inhibition in Children with Learning Disabilities 
Inhibition in children with reading disabilities.  Several studies reported inhibition 
deficits in children with RD (e.g., de Jong et al., 2009; Purvis & Tannock, 2000; van der 
Schoot et al., 2000).  Research of de Jong et al. (2009) and Purvis and Tannock (2000) 
revealed that children with RD had an impaired stop signal reaction time in comparison to 
control children.  Moreover, a study of van der Schoot et al. (2000) showed how children 
with the spelling subtype of RD (slow but accurate readers) outperformed children with the 
guessing subtype of RD (fast and inaccurate readers) both on a stop signal and a Stroop 
task. 
However, other studies found no differences between children with RD and control 
children (e.g., Schmid et al., 2011), or only for one kind of inhibition in particular.  For 
instance, van der Sluis et al. (2004) did not report any differences between children with RD 
and control children on interference control, as measured by Stroop-like tasks.  Moreover, a 
study of Reiter, Tucha, and Lange (2005) showed that children with RD differed significantly 
from control children on interference control, as measured by a Stroop task (they corrected 
themselves more often and made more mistakes), but not on behavioral inhibition, as 
measured by a Go/no-go task.  In congruence with the latter results, Van De Voorde et al. 
(2010) found no behavioral inhibition problems, as measured by a Go/no-go task, in RD 
when a baseline measure of functioning was taken into account.  Hence, reported results 
concerning inhibition deficits in children with RD, are mixed. 
Inhibition in children with MD.  Several studies revealed inhibition deficits in 
children with MD (e.g., Zhang & Wu, 2011).  For instance, Zhang and Wu (2011) reported 
impairments in children with MD on both a color-word and a numerical Stroop and a study 
of Bull and Scerif (2001) emphasized a significant correlation between mathematical 
performance and the level of interference control on a numerical Stroop task (the lower the 
mathematical abilities, the higher the interference).  However, no impairments on the 
numerical Stroop were marked by Censabella and Noel (2005), or by van der Sluis et al. 
(2004).  Moreover, the latter found no impairments on an object version of the Stroop (van 
der Sluis et al., 2004).  To our knowledge, only one MD study used a Go/no-go task as a 
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measure of behavioral inhibition (Passolunghi, Marzocchi, & Fiorillo, 2005).  This research 
did not report any differences between the control and the MD group (Passolunghi et al., 
2005). 
We can conclude that findings on inhibition in children with RD or with MD are 
ambiguous.  Moreover, few studies have investigated RD, MD as well as RD+MD.  As a 
consequence, knowledge concerning inhibition in children with learning disabilities is 
limited. 
NAMING SPEED 
Terminology 
Naming speed is defined as the ability to quickly recognize and name a restricted set 
of serially or isolated presented high frequency symbols, objects or colors  (Heikkila, Narhi, 
Aro, & Ahonen, 2009; McGrath et al., 2011).  As was done in this dissertation, naming speed 
is often measured by a task based on the Rapid Automatized Naming Task of Denckla and 
Rudel (1974).  In these kind of tasks, one is required to repeat series of visually presented 
and high frequency stimuli (Denckla & Rudel, 1976) and the amount of time one needs to 
name serially or isolated presented symbols, colors or objects is of crucial importance (Allor, 
2002).  Table 2 provides an overview of the tasks we used in this dissertation. 
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Table 2 
Overview of the measures of cognitive skills we used in this dissertation 
Tasks Cognitive skills 
Forward digit recall 
Forward word list recall 
Phonological loop 
Working memory 
Forward block recall Visuospatial sketchpad 
Backward digit recall 
Backward word list recall 
Listening recall 
Backward block recall 
Spatial span 
Central executive 
Quantity Stroop 
Color-Word Stroop 
Interference control 
Inhibition Go/no-go task 
Picture modality 
Letter modality 
Digit modality 
Behavioral inhibition 
Quantity naming speed * 
Digit naming speed  
Color naming speed**  
Word naming speed 
Naming speed 
 
* baseline condition quantity Stroop 
** baseline condition color-word Stroop 
Naming speed in Children with Learning Disabilities 
 Naming speed in children with RD.  There is general agreement on naming speed 
impairments in children with RD (e.g., Van den bos, Zijlstra, & Spelberg, 2002).  Several 
studies reported symbolic or alphanumeric naming speed impairments in children with RD 
(e.g., McGrath et al., 2011; van der Sluis et al., 2004).  For instance, a study of Savage et al. 
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(2005) revealed that number naming speed could discriminate children with RD from 
control children.  However, some studies did not find domain-specific, but domain-general 
naming speed deficits in children with RD (e.g., Denckla & Rudel, 1976; Landerl et al., 2004; 
Willburger et al., 2008).  The famous study of Denckla and Rudel (1976) revealed how 
naming speed of colors, objects, letters and numbers could differentiate the RD group from 
the control group.  Hence, there is still no evidence whether children with RD suffer from 
domain-general or modality-specific naming speed problems. 
 Naming speed in children with MD.  Naming speed problems were frequently 
reported in children with MD as well (e.g., Landerl et al., 2004; Pauly et al., 2011).  Whereas 
some studies found rather general naming speed problems in children with MD (e.g., Geary, 
2011; Temple & Sherwood, 2002), others revealed slower performance on naming speed of 
numbers and quantities only (e.g., van der Sluis et al., 2004).  For instance, results of 
D'Amico and Passolunghi (2009) revealed slower naming speed on both numbers and 
letters in 9 year old children with MD in comparison with age-matched control children.  In 
contrast, van der Sluis et al. (2004) found that elementary school children with MD 
performed slower on naming speed of quantities and numbers, but not on naming speed of 
letters and objects.  These latter results are in accordance with problems in numerosity 
processing (Butterworth, 1999).  Hence, it is unclear if naming speed problems are related 
to problems in numerosity processing or if they are more general. 
In sum, mixed results were found concerning the domain-specificity of naming speed 
problems in children with RD or MD. In addition, only few studies have investigated RD, MD 
and RD+MD together.  As a consequence, little is known about whether children with 
RD+MD experience naming speed problems and if so, if these problems are domain-general 
or modality-specific. 
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RESEARCH OBJECTIVES AND OVERVIEW OF THE CHAPTERS 
Research Objectives 
At first sight, some aetiological theories of RD and MD seem to overlap.  However, it is not 
well understood yet if and how working memory, inhibition or naming speed deficits are 
manifested in children with RD, in children with MD and in children with RD+MD.  As a 
consequence, a first aim of this dissertation is to gain insight into the deficits that underlie 
RD, mild and severe MD, and RD+MD.  Moreover, we want to examine the domain-
specificity of eventual inhibition and naming speed impairments.  Although the comorbidity 
between MD and RD is higher than would be expected by chance, few is known about the 
relation between those disorders.  For this reason, we wish to study the influence of reading 
and spelling on the persistence of mild MD.  In addition, a final important objective of this 
dissertation is to investigate whether some of the underlying cognitive deficits of RD and 
MD reflect shared cognitive risk factors. 
Overview of the Chapters 
Chapter 2 presents an exploratory longitudinal study in which 13 children with MD 
and 13 control children matched on IQ, age and gender are followed from kindergarten 
until elementary school.  The aim of the study is to investigate if MD are still persistent at 
the age of 10 years and to gain insight into the profiles of persistent and inconsistent MD.  
Therefore, at the age of 5, preparatory mathematical abilities (i.e., conceptual and 
procedural counting knowledge, seriation and classification) are tested.  At the age of 6, 7 
and 10 years, fact retrieval and procedural mathematical skills are measured.  At the age of 
10, reading and spelling tests and working memory tasks are conducted as well.  Task 
performance of control children, children with persistent MD and children with inconsistent 
MD is analyzed. 
Since Chapter 2 emphasizes the influence of poor reading and spelling and working 
memory in mild MD, the aim of Chapter 3 is to investigate commonalities and differences in 
working memory performance of elementary school children with RD, MD, and RD+MD and 
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control children and to look for a shared cognitive risk factor of MD and RD.  Control 
children (n = 45), children with RD (n = 17), MD (n = 22) or RD+MD (n = 28) are compared on 
forward and backward digit recall, forward and backward word recall, forward and 
backward block recall, listening recall and spatial span. 
Based on the finding that executive functioning seems to play an important role in 
LD, inhibition is investigated in Chapter 4 and Chapter 5.  In Chapter 4, interference control 
is measured in children with RD (n = 31), MD (n = 28), RD+MD (n = 47) and control children 
(n = 55) by use of the quantity Stroop (Bull & Scerif, 2001) and the color-word Stroop 
(Stroop, 1935).  The aim of this study is to investigate if children with LD indeed show 
impaired interference control and, if that is the case, to look for a shared cognitive risk 
factor.  
In Chapter 5, 17 children with RD, 22 children with MD, 28 children with RD+MD and 
45 control peers are tested on behavioral inhibition with a Go/no-go task in a non-symbolic 
picture modality and symbolic letter and digit-modalities.  Besides the aims of Chapter 4, we 
also want to study the domain-specificity of possible deficits.  It is argued that children with 
RD perform less good on the symbolic modalities and that performance of children with MD 
is lower on the digit modality. 
Chapter 6 wants to investigate naming speed of digits, quantities, words and colors 
in children with RD (n = 31), MD (n = 28), RD+MD (n = 47) and control children (n = 55).  The 
study has the same aims as Chapter 5. 
Chapter 7 contains an overview and general discussion of the main findings of this 
dissertation.  In addition, implications, limitations, and suggestions for future research are 
discussed. 
It should be noted that the chapters in this dissertation have been accepted 
(Chapter 3) or submitted (Chapter 2, 4, 5, 6) for publication.  Since each of them is a self-
contained manuscript, the text of some of the chapters may therefore partially overlap. 
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 HOW PERSISTENT ARE MATHEMATICAL  
DISABILITIES? A LONGITUDINAL STUDY 1  
 
ABSTRACT 
A longitudinal study was conducted from kindergarten to elementary school.  Testing 
occurred at the age of 5, 6, 7 and 10 years.  Only 54% of the children experiencing 
mathematical disabilities (MD) at the age of 6 and 7, still suffered from MD at the age of 
10 (persistent MD; MD-p), 46% outgrew MD (inconsistent MD, MD-i).  At the age of 10, 
differences between control children, children with MD-p and MD-i were found for fact 
retrieval, but not for mental arithmetics and number knowledge anymore.  In contrast to 
the MD-p and control group, number knowledge performance of the MD-i group 
significantly improved year after year.  Plotted individual growth processes showed how 
intra-individual differences were as common as inter-individual ones in math 
development over all groups.  Spelling and pseudoword reading, as measured at the age 
of 10, could classify 76.9% of the children with MD-p, the children with MD-i and the 
control children correctly.  Spelling appeared to be the best predictor for MD-i, reading 
for MD-p.  Digit recall and spatial span categorized 76.9% of the children with MD-p, the 
children with MD-i and the control children correctly.  Whereas spatial span best 
predicted MD-i, digit recall was the best predictor of MD-p.  Results emphasize the 
dynamic aspect of MD and the importance of assessing working memory, reading and 
spelling skills in children with MD-p and MD-i in assessment with therapeutic 
implications. 
  
                                                          
1
 Based on De Weerdt, F., Desoete, A., Roeyers, H. & Stock, P. (submitted). How persistent are 
mathematical disabilities? A longitudinal study.  British Journal of Educational Studies 
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INTRODUCTION 
Mathematical Disabilities 
Mathematical disabilities (MD) are defined as impairments in mathematical 
abilities that are performed at a level that remains significantly below expected given 
the age, and despite good instruction.  Moreover, the mathematical impairments are 
not explained by extraneous factors, such as sensory deficits (Landerl, Bevan, & 
Butterworth, 2004; Passolunghi, Vercelloni, & Schadee, 2007) and have to be persistent 
(Fletcher, Francis, Morris, & Lyon, 2005) to diagnose children with MD.  In order to be 
sure of the persistence of MD, it is important to consider consistency in performance 
over time (Fletcher et al., 2005; Mazzocco & Myers, 2003).  The implementation of a 
‘persistence criterion’ is important for several reasons.  First, mathematical abilities are 
dynamic and development is a not a linear process (Shalev, 2004).  Problems with fact 
retrieval and impairments in procedural math skills, such as in mental arithmetics and 
number knowledge, are commonly accepted features of MD (e.g., Dowker, 2005; 
Mazzocco, Devlin, & McKenney, 2008). These problems appear to have a different 
progress.  Fact retrieval difficulties would be rather persistent and show little 
improvement over time (Jordan, Hanich, & Kaplan, 2003b), whereas an impairment in 
procedural skills (e.g., in mental arithmetics or in number knowledge) seems to reflect a 
developmental delay with improvement (slowly) over grades (Geary, 2011).  Moreover, 
it was found that performances of children meeting criteria for MD at one point in time 
could not be generalized to performances of children who experience math impairments 
across grades (Geary, 2011; Murphy, Mazzocco, Hanich, & Early, 2007; Stock, Desoete, & 
Roeyers, 2010).  Many children appear to outgrow their math problems to some extent 
(Jordan, Mulhern, & Wylie, 2009).  Research showed that MD is only persistent in 
between 40% and 63% of the cases (Mazzocco & Myers, 2003; Shalev, Manor, & Gross-
Tsur, 2005; Silver, Pennett, Black, Fair, & Balise, 1999).  Children with inconsistent MD 
(MD-i) may be more similar to control children than to children with persistent MD (MD-
p; Vukovic & Siegel, 2010).  However, ambiguity exists concerning the operationalization 
of MD-p.  Whereas some studies consider MD-p as MD during 2 years or more out of at 
least four years (e.g., Mazzocco & Myers, 2003), others define MD-p as MD during (at 
least) two consecutive years (Toll, Van der Ven, Kroesbergen, & Van Luit, 2011).  The 
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latter definition is more restricted than the first one and might indicate a more stable, 
chronic pattern of MD.  However, to our knowledge no study has examined the 
mathematical progress or possible influential factors of this MD-p group, in comparison 
with control children, several years later.  Hence, it is unclear if a restricted definition 
underlies a chronic kind of MD-p or if (part of) these children might outgrow their 
problems as well and if so, if different factors influence this outgrow or chronicity.  
Persistent Mathematical Disabilities, Gender, Familial History and Socio-economic 
Status 
 Gender.  In MD(-p), results are rather in favour of balanced gender ratios (Shalev 
et al., 2005).  However, contra-indication was found by for instance Landerl and Moll 
(2010), who reported a preponderance of girls with MD.  Concerning math performance 
in general, findings are ambiguous.  Lachance and Mazzocco (2006) failed to find 
persistent sex differences on math growth rates during the primary school years, 
whereas Judge and Watson’s longitudinal study (2011) reported an association between 
gender and mathematics growth.  Girls would experience a smaller growth than boys. 
Familial history.  Although knowledge about the role of genetics in MD is 
restricted (Shalev et al., 2001), research supports a genetic etiology and it was found 
that familial prevalence of MD is significantly higher than reported in the general 
population (Alarcon, DeFries, Light, & Pennington, 1997; Gross-Tsur, Manor, Kerem, 
Friedlander, & Shalev, 1998).  Far less is known about genetics in MD-p and our 
understanding of familial history in children with MD-p is limited (Shalev et al., 2005).  
However, the study of Shalev, Manor, Auerbach, and Gross-Tsur (1998) showed a 
significant influence of familial history on persistence of MD.  
 Socio-economic status.  Mixed results were found about the influence of socio-
economic status (SES) on MD-p.  Whereas some longitudinal studies did not find any 
influence of educational status and profession of parents (Navarro et al., 2012; Shalev et 
al., 2005); others did (e.g., Aunio, Hautamaki, Heiskari, & Van Luit, 2006). Krajewski and 
Schneider (2009) followed children from 6 to 10 years of age (from kindergarten to 
grade 4) , revealing a significant impact of SES at the age of 9: the higher parental SES, 
the higher mathematical performance. 
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Persistent Mathematical Disabilities and Intelligence  
Several studies confirmed the important influence of intelligence on math 
achievement (Geary, Hoard, Nugent, & Bailey, 2012; Passolunghi & Lanfranchi, 2012).  
Recent research reported MD in children with different levels of intelligence and 70% of 
the children had an IQ > 85.  However, only few studies investigated the influence of 
intelligence on the persistence of MD.  Those who did, found a significant impact of this 
factor: children with MD-p had a lower IQ than children with MD-i or control children 
(Shalev et al., 2005; Stock et al., 2010).  
Persistent Mathematical Disabilities and Preparatory Mathematical Abilities 
 Research has demonstrated how preparatory mathematical abilities, such as the 
Piagetian logical abilities seriation and classification and the post-Piagetian conceptual 
and procedural counting knowledge, are able to predict math achievement in primary 
school (e.g., Aunola, Leskinen, Lerkkanen, & Nurmi, 2004; Stock, Desoete, & Roeyers, 
2009).  Less is known about the relationship between preparatory mathematical 
abilities, as measured in kindergarten, and MD-p.  In a study of Stock et al. (2010), 
regression analyses revealed how 7-year old children with MD-p already performed 
worse than control children on seriation, classification and magnitude comparison at the 
age of 5 (kindergarten).  However, by means of discriminant analyses, Toll et al. (2011) 
showed how preparatory mathematical skills, measured at the end of kindergarten, 
predicted MD-p in second grade to a lesser extent than working memory did. 
Persistent Mathematical Disabilities, Reading and Spelling 
 Strong relationships were found between mathematics, reading and spelling and 
between deficiencies in one of those academic skills (e.g., Landerl & Moll, 2010).  For 
instance, Bull and Scerif (2001) found a correlation of .61 between reading and 
mathematics and a longitudinal study of Jordan et al. (2003b) revealed that reading 
influenced math achievement.  In addition, several longitudinal studies demonstrated a 
relationship between MD-p and spelling (Shalev et al., 2005) and between MD-p and a 
lower level of reading (e.g., Geary, Hoard, Byrd-Craven, Nugent, & Numtee, 2007; 
Mazzocco & Myers, 2003).  For instance, results of Murphy et al. (2007) revealed that 
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performance of children with MD-p on a pseudoword reading test was worse than 
performance of control children on the same test and this from the age of 5 years 
(kindergarten) to the age of 8 (third grade).  A longitudinal study with elementary school 
children from 6 to 9 years showed that children with MD-p were more likely than control 
children to experience reading problems (Vukovic & Siegel, 2010).  However, other 
longitudinal studies in elementary school children found no association between reading 
and MD-p (e.g., Shalev et al., 2005).  Moreover, research examining spelling in children 
with MD is scarce (Dirks, Spyer, van Lieshout, & de Sonneville, 2008). 
Persistent Mathematical Disabilities and Working Memory  
The majority of studies on mathematics (e.g., De Smedt et al., 2009) and MD-p 
(e.g., Geary et al., 2007) use the multicomponent model of Baddeley (1986).  Baddeley 
(1986; 2000) considers working memory as the active system that regulates complex 
cognitive behavior and consists of a central executive (CE) attentional control system, 
answering for the processing aspect of a task and strongly interacting with two domain-
specific storage systems and a multidimensional capacity store.  The phonological loop 
(PL) is responsible for the storage and maintenance of verbal information; the 
visuospatial sketchpad (VSSP) has similar responsibilities for visual and spatial 
information (Baddeley, 1986).  The episodic buffer was added to the model in a later 
stage (Baddeley, 2000) and conceptualized as a multidimensional but essentially passive 
store that can be fed from the other working memory components, from long term 
memory or through perception (Baddeley, Allen, & Hitch, 2010).  To our knowledge, no 
research on working memory in children with learning disabilities has taken this 
component into account, probably because the episodic buffer has to be seen as a 
vague, shadowy concept, which is – in spite of its high importance – still in its infancies 
(Baddeley et al., 2010).  Since Baddeley’s model of 1986 is without any doubt the most 
empirically verified (Miyake et al., 2000), the focus of our study lies on this model.   
Cross-sectional as well as longitudinal research has shown that working memory 
is of significant importance for learning mathematics (De Smedt et al., 2009; Gathercole, 
Alloway, Willis, & Adams, 2006).  For instance, Bull, Espy, and Wiebe (2008) followed 
children from 4 years of age (preschool) to 7 years of age (third year of elementary 
school) and found that the visuospatial sketchpad and the central executive predicted 
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math achievement at each time point.  Although there is a general agreement of the 
important role of working memory in mathematics, the empirical picture provided by 
studies on MD-p is less clear-cut.  For instance, while a study of Geary et al. (2007) 
demonstrated deficits in all three components of working memory in children with MD-
p, others reported only inconsistent problems in the central executive (Vukovic & Siegel, 
2010). 
Aims and Objectives 
The aim of this longitudinal study was to investigate whether children 
experiencing severe mathematical problems during two consecutive years at the 
beginning of elementary school, still experienced math problems three years later and 
hence suffered from MD-p at the age of 10.  If an outgrowing group (MD-i) would be 
found, we wanted to compare their math progress with that of the MD-p and control 
group.  In addition, we wanted to investigate if math performance of these groups was 
influenced by the same underlying factors.  Several research questions were phrased:  
1. Are all children diagnosed with MD at the age of 7 still suffering from MD at the 
age of 10?  Are all of them performing significantly below expected math 
performance, operationalized by a score below the 25th percentile on at least 
one math test, or can a MD-i group be found?  
2. If a MD-i group is found, do performances of the MD-p group, the MD-i group 
and the control group differ over time and from each other on fact retrieval and 
procedural math skills, in particular number knowledge and mental arithmetics?  
Can differences in math progress be found at the individual level, in and 
between groups?  
3. Is there an influence of gender, SES, familial history, intelligence, preparatory 
mathematical abilities, working memory, reading and spelling on both MD-i and 
MD-p?   
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METHOD 
Participants 
A three-year longitudinal study was conducted with a large sample (n=471).  
Children were followed from kindergarten to elementary school and tested at the ages 
of 5, 6, and 7 years.  At the age of 7 years, 43 children were retrospectively classified to 
the MD group.  To belong to this group, one had to score both at 6 and 7 years of age 
below the 25th percentile on at least one mathematics test and to be non-responsive to 
remediation.  We refer to Stock et al. (2010) for an overview of these results. 
At the age of 10 years, 15 children from the MD group of the large sample were 
randomly selected for the present study.  In order to control for possible confounding 
variables, this MD group was matched individually on age, gender and intelligence with 
15 children who scored both at 6 and 7 years of age above the 25th percentile on all 
mathematics measures. After a first test moment, two children with MD dropped out 
because of lack of time of the parents.  For this reason, the two control children who 
were individually matched with these two MD children were eliminated from this study 
as well.  Hence, the final sample consisted of 13 children with MD and 13 control 
children (n =26). Subject characteristics are presented in Table 1. 
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Table 1 
Sample: Subject Characteristics  
 
Characteristics 
Control (n=13) MD (n=13) 
M (SD) M (SD) 
Age in months 
First test moment 
Second test moment 
Third test moment 
Fourth test moment 
Male : female 
IQ 
SES Mother 
SES Father 
 
69.46 (1.41) 
81.23 (3.83) 
92.62 (4.13) 
123.08 (8.69) 
6:7 
104.54 (10.63) 
15.46 (1.61) 
16.17 (2.33) 
 
69.92 (1.41) 
81.46 (4.27) 
92.08 (5.30) 
121.15 (8.57) 
6:7 
104.54 (10.63) 
15.33 (3.11) 
15.00 (3.42) 
Note. MD = mathematical disabilities group; SES Mother = socio-economic status of the mother, 
as measured by years of education; SES Father = socio-economic status of the father, as 
measured by years of education. 
Measures 
At all ages, parents were asked to complete a questionnaire concerning familial 
history and SES, as measured by years of education of both the father and mother (e.g., 
Shalev et al., 2005).  At the age of 5, preparatory mathematical abilities were tested.  At 
the age of 6, 7 and 10 years, math performance was assessed. In addition, a shortened 
intelligence test was conducted at the age of 7, while at the age of 10, these children 
were tested on reading, spelling and working memory as well. 
Intelligence.  At the age of 7, an estimated IQ was calculated, using an 
abbreviated version of the Dutch WISC-III (Wechsler et al., 2005).  This shortened 
version is recommended by Grégoire (2000), has a high correlation (r = .93) with Full 
Scale IQ (Kaufman, Kaufman, Balgopal, & McLean, 1996) and consists of four subtests: 
Vocabulary, Similarities, Picture Arrangement and Block Design.   
Mathematics.  At the age of 5, the preparatory mathematical abilities procedural 
and conceptual knowledge of counting, seriation, classification and magnitude 
comparison were tested with the Test for the Diagnosis of Mathematical Competencies 
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(TEDI-MATH; Grégoire, Noel, & Van Nieuwenhoven, 2004).  Raw scores were the 
numbers of correct items and were converted in percentile- and z-scores.  All z-score 
conversions were based on the entire sample of a longitudinal mathematical study (n = 
471, see Stock et al., 2010).  The TEDI-MATH is an individual assessment battery that was 
constructed to detect MD.  For a more detailed description of this test, we refer to Stock 
et al. (2010).  
At 6, 7 and 10 years, all children were tested with the Arithmetic Number Facts 
Test (TTR; De Vos, 1992) and the Kortrijk Arithmetic Test Revision (KRT-R; Baudonck et 
al., 2006). The TTR is a numerical facility test consisting of five subtests with arithmetic 
number fact problems: addition, subtraction, multiplication, division and mixed 
exercises.  Children have to solve as many items as possible in five minutes; they can 
work one minute on every colon.  The TTR is a standardized test that is frequently used 
in Flemish education as a measure of number fact retrieval (e.g., Stock et al., 2010). 
The KRT-R is a standardized test on procedural mathematical skills, which focuses 
on mental arithmetics and number knowledge tasks.  The KRT-R is frequently used in 
Flemish education as a measure of math achievement (e.g., Stock et al., 2010).  In TTR 
and KRT-R, raw scores were the numbers of correct items and were converted in 
percentile- and z-scores.  At the age of 6 and 7 years, all z-score conversions were based 
on the entire sample of a longitudinal mathematical study (n = 471, see Stock et al., 
2010).  At the age of 10, raw scores were converted to z-scores based on the entire 
sample (n = 204) of a working memory study. 
Reading and spelling.  At 10 years of age, all children were tested with 
standardized Dutch reading and spelling measures.  Word reading speed or fluency was 
assessed by the One Minute Reading Test (EMT; Brus & Voeten, 1999) and pseudoword 
reading by the Klepel (Van den Bos, Spelberg, Scheepstra, & de Vries, 1994).  Both 
reading tests consist of lists of 116 unrelated words.  Children are instructed to read as 
many words as possible in one (EMT) or two minutes (Klepel) without making errors.  On 
both tests, the raw scores were the numbers of words read correctly.  These raw scores 
were then converted into SS (mean: 10, SD: 3) and z-scores. 
Spelling was assessed with Paedological Institute-dictation (PI-dictation; 
Geelhoed & Reitsma, 2000), a Dutch standardized test in which children have to write 
down the repeated word from each sentence.  The test consists of nine blocks of 15 
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words.  Each block has a higher difficulty level and testing is stopped once a child made 
seven or more errors in a block.  Raw score was the number of words spelled correctly 
and was converted in a percentile- and z-score. 
Raw scores of reading and spelling tests were converted to z-scores based on the 
entire sample (n = 204) of a working memory study. 
Working memory.  At the age of 10, working memory measures were conducted 
as well.  Besides (backward) digit -, word list -, listening - and block recall of the Working 
Memory Test Battery for Children (WMTB-C; Gathercole & Pickering, 2001; Dutch 
translation: Braams, 2002; e.g., Geary et al., 2007), backward word list recall and 
backward block recall (e.g., Passolunghi & Mammarella, 2010) were used.  In addition, in 
line with St Clair-Thompson and Gathercole (2006), all children were tested with the 
spatial span; an adapted version of the Automated Working Memory Assessment 
(AWMA; Alloway, 2007).  Each block consisted of six trials.  The task was discontinued if 
three errors or more were made in one block.  Span score was calculated by counting 
each correct trial as one sixth and adding the total number of sixths - except for 
backward digit -, backward word list- and backward block recall, where the total number 
of sixths were added and incremented with one (Imbo, Szmalec, & Vandierendonck, 
2009; Smyth & Scholey, 1992).   
All tasks were programmed in Affect 4.0 (Hermans, Clarysse, Baeyens, & Spruyt, 
2005) and presented on a desk top.  The main task was not started until the child 
thoroughly understood the task instructions.  For spatial span and (backward) block 
recall, a mouse was used as response device.  For (backward) digit recall, (backward) 
word list recall and listening recall, a voice key was used.  In all tasks, the experimenter 
pressed a key in order to trigger the next item (Landerl et al., 2004).  As the subtest 
order of the WMTB-C was followed, all tasks were presented in a fixed order. 
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Figure 1. Visualization of the working memory tasks 
Phonological loop.  Digit - and word list recall are measures for the verbal recall 
of sequences.  Children have to repeat sequences of digits or high frequent words (see 
Figure 1 for a trial representation).  Digit sequences were random lists of digits ranging 
from 1 to 9.   
Visuospatial sketchpad.  Block recall measures visuospatial recall of sequences of 
cubes.  Places of the nine cubes stayed fixed during the whole task.  Cubes that were 
(Backward) digit recall and (backward) word list recall 
max. 15000 ms 1000 ms/ 
number or word  
500 ms 
(Backward) block recall 
500 ms 1000 ms/ 
block  
max. 15000 ms 
Listening recall 
500 ms max. 15000 ms max. 15000 ms 2000 ms/ 
sentence 
Spatial Span 
500 ms max. 15000 ms max. 15000 ms 1000 ms 
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part of a to be recalled sequence, enlightened in orange.  Cubes that were not, remained 
blue.  After the sequence ended, a screen with nine blue cubes was shown.  Children 
were asked to repeat the sequence of the orange cubes by clicking on the different blue 
cubes (see Figure 1).  
Central executive.  In backward digit recall and backward word list recall, 
children are required to recall sequences of digits or words in the reverse order (see 
Figure 1).  In listening recall, children are presented with a sequence of spoken 
sentences (e.g., ‘Lions have four legs’).  In the processing task, they have to verify the 
sentence by stating ‘true’ or ‘false’.  In the memorization task, the final word for each 
sentence has to be recalled in sequence (see Figure 1).  In the spatial span, a picture of 
two identical shapes in which the shape on the right side has a red dot, is shown to the 
children.  In the processing task, the child has to identify whether the shape on the right 
side is the same or opposite of the shape on the left.  In the recall task, the child has to 
show the location of each red dot on the shape in the correct sequence (see Figure 1).  
Backward block recall measures visuospatial recall of sequences of cubes in the reverse 
order (see Figure 1).  
Procedure 
Data Collection.  All children were tested by a trained researcher.  At 5, 6 and 7 
years of age, (preparatory) math tests were conducted during school hours in a separate 
and quiet room at school.  This lasted maximum 50 minutes.  At the age of 7, a short 
version of the WISC-III was assessed individually, duration was approximately 45 
minutes.  At the age of 10, all children were tested in a quiet room at home for two 
different sessions, each session lasting up to 70 minutes.  During the first session, tests 
were used to tap mathematics, reading and spelling.  In the second session, working 
memory tasks were administered.  To maximize vigilance and persistence in completing 
tasks, breaks were included. 
Outlieranalysis.  Outlieranalysis occurred for working memory data.  At the 
sample level, accuracy measures exceeding the group mean by 3 SDs were replaced by 
values 3 SDs from the group mean (Friedman & Miyake, 2004).  Percentage of outliers 
was less than 1%.   
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Statistical analyses.  A 3 (MD-p, MD-I and control) x 3 (z-scores on the TTR at 6, 7 
or 10 years) factorial repeated measures analysis was performed to examine fact 
retrieval performances over time.  Since assumptions of normality and homogeneity 
were not met for mental arithmetics and number knowledge, non-parametric tests were 
performed with z-scores on the KRT-R Mental Arithmetics and on the KRT-R Number 
Knowledge.  The Kruskal-Wallis test was used to compare the three groups at the age of 
6, 7 and 10 years.  Performance over time was analyzed with the Wilcoxon signed-rank 
test.  In addition, multinomial logistic regression analyses were carried out to clarify to 
what extent SES, intelligence, preparatory mathematical abilities, working memory, 
reading and spelling predicted the probability of MD-p and MD-i. 
RESULTS 
Persistence of Mathematical Disabilities 
In the first place, it was found that only seven children (four girls and three boys) 
of the MD group still achieved a score below the 25th percentile on at least one math 
test (54%; see Table 2) and hence suffered from MD-p.  Three girls and three boys of the 
MD group achieved math scores above the 25th percentile and were classified in the MD-
i group (see Table 2).  Except for one child, all control children achieved math scores 
above the 25th percentile.  For fact retrieval, scores were even above the 75th percentile.  
We decided not to exclude the child with math scores below the 25th percentile from the 
control group, since the focus of our study lied on the profiles of the MD-p (MD for 3 
years) and the MD-i group (MD during two consecutive years) and the child’s parents 
reported at least average math performance at school. 
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Table 2 
Math, Reading and Spelling Performance at the Age of Ten in Children with Mathematical 
Disabilities 
M
D 
TTR 
pc 
KRT-R NK pc KRT-R MA 
pc 
EMT 
SS 
Klepel 
SS 
PI 
pc 
MD-p 
Girl 1 
Girl 2 
Girl 3 
Girl 4 
Boy 1 
Boy 2 
Boy 3 
MD-i 
Girl 1 
Girl 2 
Girl 3 
Boy 1 
Boy 2 
Boy 3 
 
77 
77 
23* 
40 
23* 
23* 
40 
 
99 
96 
74 
60 
77 
96 
 
24* 
58 
50 
58 
24* 
50 
11* 
 
42 
85 
66 
76 
60 
85 
 
7* 
5* 
58 
21* 
4* 
87 
11* 
 
67 
31 
42 
42 
67 
31 
 
8 
10 
5* 
7* 
7* 
7* 
9 
 
9 
12 
8 
9 
6* 
12 
 
7* 
11 
7* 
8 
8 
8 
11 
 
9 
13 
12 
11 
7* 
13 
 
5* 
85 
11* 
3* 
10* 
35 
47 
 
62 
50 
47 
35 
3* 
50 
Note. MD = mathematical disabilities; MD-p = persistent mathematical disabilities; MD-i= 
inconsistent mathematical disabilities; pc = percentile score; SS = standard scores;  TTR = 
Arithmetic Number Facts Test (fact retrieval); KRT-R MA = Kortrijk Arithmetic Test Revision, 
Mental Arithmetics; KRT-R NK =  Kortrijk Arithmetic Test Revision, Number Knowledge ; PI = 
Paedological Institute-dictation (spelling); EMT = One Minute Reading Test (word reading speed). 
* Below cutoff (< percentile 25 or  < standard score 8). 
Math Performance over Time   
A 3 (MD-p, MD-i and control) x 3 (fact retrieval at 6, 7 and 10 years of age) 
factorial repeated measures analysis was conducted.  A significant main effect was 
found of the within factor fact retrieval (F(2, 22) = 12.36, p < .001, ŋ2 = 0.53).  Contrasts 
revealed that fact retrieval skills at the age of 6 years (p = .002) and 7 years (p < .001) 
were significantly worse than at the age of 10.  Moreover, results revealed a main effect 
of group  (F(2, 23) = 27.85, p <  001, ŋ2 = 0.71).  Both the MD-p (p < .001) and the MD-i 
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group (p < .001) achieved lower fact retrieval scores than control children.  There was no 
interaction effect of group and time measurement (F(4, 44) = 0.81, p = .525).  
Secondly, Kruskal-Wallis tests showed significant group differences for mental 
arithmetics (χ2 (2) = 8.56, p = .014) and a trend for number knowledge (χ2 (2) = 8.56, p = 
.065) as measured at the age of 6.  The MD-p group differed significantly from the 
control group on both mental arithmetics (p = .016) and number knowledge (p = .046).  
The MD-i group differed significantly from the control group on mental arithmetics (p = 
.017) and a trend was found for number knowledge (p = .072).  Performance of the MD-
p and MD-i groups did not differ from each other.  No significant results were found for 
mental arithmetics at the age of 7 years (χ2 (2) = 4.54, p = .103) and 10 years (χ2 (2) = .91, 
p = .634) and for number knowledge at the age of 7 (χ2 (2) = 3.58, p = .167) and ten (χ2 (2) 
= 3.25, p = .197).  
Wilcoxon Ranks Tests revealed only a significant difference between mental 
arithmetics performance at the age of 10 and at the age of 6 for the MD-p group (Z = -
2.03, p = .043). Significant differences in performance of the MD-i group over time were 
found between number knowledge scores at the age of 6 and 7 (Z = -1.99, p = .046), at 
the age of 6 and 10 (Z = -2.20, p = .028) and at the age of 7 and 10 (Z = -1.99, p = .046) 
and between mental arithmetics scores at the age of 6 and 10 (Z = -2.00, p = .046).  No 
significant differences over time were found for the control group.  Math performance 
over time is presented in Table 3 and plotted in Figure 2.  
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Table 3 
Math Performance of the Sample at Six, Seven en Ten Years of Age 
 
Performance 
Control (n=13) MD-p (n=7) MD-i (n=6) 
M (SD) M (SD) M (SD) 
Six years of age 
Z-score TTR 
Z-score KRT-R MA 
Z-score KRT-R NK 
Seven years of age 
Z-score TTR 
Z-score KRT-R MA 
Z-score KRT-R NK  
Ten years of age 
Z-score TTR 
Z-score KRT-R MA 
Z-score KRT-R NK 
 
0.58 (0.88)a 
0.61 (0.56) 
0.48 (0.71)a 
 
0.47 (0.70)a 
0.51 (0.83) 
0.60 (0.50) 
 
1.23 (0.51)a 
0.72 (0.40) 
0.71 (0.51) 
 
- 1.02 (0.79)b 
-0.66 (0.47) 
- 0.46 (0.42)b 
 
-1.04 (0.15)b 
-0.32 (0.51) 
0.23 (0.43) 
 
-0.38 (0.17)b 
0.30 (0.36) 
0.74 (0.07) 
 
- 0.71 (0.67)b** 
-0.43 (0.37) 
- 0.64 (0.59)ab* 
 
-0.86 (0.31)b** 
-0.33 (0.43) 
0.15 (0.33) 
 
0.26 (0.30)b** 
0.63 (0.15) 
0.71 (0.14) 
Note.  MD-p = persistent mathematical disabilities; MD-i= inconsistent mathematical disabilities; 
TTR = Arithmetic Number Facts Test (fact retrieval); KRT-R MA = Kortrijk Arithmetic Test 
Revision, Mental Arithmetics; KRT-R NK =  Kortrijk Arithmetic Test Revision, Number Knowledge.  
*p < .05; ** p ≤ .001.  
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Figure 2.  Plotted means on fact retrieval, number knowledge and mental arithmetics of 
the group with persistent mathematical disabilities (MD-p), the group with inconsistent 
mathematical disabilities (MD-i) and the control group at the age of six, seven and ten years 
Except for child 2 of the control group, the individual growth processes of the 
children, as plotted in the Figures 3, 4 and 5 reflect a fluctuating evolution.  Math 
progress is different in all children and intra-individual differences seem to be as 
common as inter-individual ones.  For instance, child 1, 4, 5 and 6 of the MD-i group 
started at approximately the same level for mental arithmetics, but their growth 
processes differed strongly from each other.  Math growth is highly different among 
children in the MD-p and the control group.  In the MD-i group fact retrieval growth 
curves of four out of six children (child 1, 2, 3 and 4) have a small decrease at the age of 
7 and a high increase at the age of 10 years.  Remarkably, the growth curve of child 6 
forms the mirror image of other children’s growth curves.  In addition, although the plot 
of number knowledge shows a different start for all MD-i children and there is a wide 
diversity of scores at the age of 6 (ranging from -2.60 to 0.79), all children seem to reach 
approximately the same level at the age of 10 (between 0.55 and 0.93). 
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Figure 3. Individual growth curves on fact retrieval of the group with persistent mathematical 
disabilities (MD-p), the group with inconsistent mathematical disabilities (MD-i) and the control 
group at the age of six, seven and ten years 
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Figure 4. Individual growth curves on number knowledge of the group with persistent 
mathematical disabilities (MD-p), the group with inconsistent mathematical disabilities (MD-i) 
and the control group at the age of six, seven and ten years 
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Figure 5. Individual growth curves on mental arithmetics of the group with persistent 
mathematical disabilities (MD-p), the group with inconsistent mathematical disabilities (MD-i) 
and the control group at the age of six, seven and ten years. 
Influential Factors 
To detect influence of intelligence, SES, etc. on MD-i and MD-p in comparison 
with control children, multinomial logistic regression analyses were carried out, except 
for familial history (see Table 4 for an overview of means and standard deviations).  For 
each influential factor, the best logistic regression model is presented in Table 5.   
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Table 4 
Means and Standard Deviations on Age, Intelligence, Socio-economic Status, Preparatory Math 
Abilities, Reading, Spelling and Working Memory Span Scores of Average Achieving Children, 
Children with MD-p and Children with MD-i 
 
 
Control (n=13) MD-p (n=7) MD-i (n=6) 
M (SD) M (SD) M (SD) 
Age 
SES Mother 
SES Father 
Intelligence 
Preparatory Math Abilities  
Conceptual counting 
Procedural counting 
Seriation 
Classification 
Magnitude comparison 
Reading and spelling 
Z-score EMT 
Z-score Klepel 
Z-score PI-dictation 
Working memory 
Phonological loop 
Digit recall 
Word list recall 
Visuo-spatial sketchpad 
Block recall 
Central executive 
Backward digit recall  
Backward word recall  
Listening recall 
Backward block recall 
Spatial span 
123.08 (2.41) 
15.46 (0.45) 
16.15 (0.62) 
104.54 (2.95) 
 
0.80 (0.23) 
0.53 (0.10) 
0.64 (0.38) 
-0.06 (0.70) 
0.04 (0.23) 
 
1.00 (1.86)a  
1.05 (0.15)a 
1.05 (0.10)a 
 
 
4.89 (0.14)a 
3.92 (0.11) 
 
4.82 (0.15) 
 
3.59 (0.17) 
3.03 (0.12) 
2.23 (0.13) 
4.40 (0.10) 
3.60 (0.27)a 
122.57 (2.97) 
14.43 (0.48) 
13.57 (0.57) 
100.43 (3.32) 
 
0.33 (0.32) 
-0.20 (0.42) 
-0.16 (1.08) 
-0.62 (0.70) 
-0.19 (0.41) 
 
- 0.26 (0.15)b 
- 0.33 (0.18)b 
-0.03 (0.20)b 
 
 
3.95 (0.14)b 
3.67 (0.15) 
 
4.41 (0.08) 
 
3.12 (0.18) 
2.79 (0.14) 
1.93 (0.13) 
4.16 (0.06) 
2.60 (0.38)ab 
119.50 (4.01) 
16.33 (1.69) 
16.67 (1.78) 
109.33 (4.60) 
 
0.84 (0.19) 
0.22 (0.19) 
-0.01 (1.00) 
-0.10 (1.01) 
-0.31 (0.47) 
 
0.18 (0.22)b*** 
0.36 (0.26)b*** 
0.25 (0.26)b*** 
 
 
4.39 (0.25)ab** 
4.06 (0.14) 
 
4.36 (0.08) 
 
3.22 (0.07) 
2.92 (0.10) 
2.11 (0.13) 
4.11 (0.16) 
2.11 (0.24)b** 
Note. MD-p = persistent mathematical disabilities; MD-i= inconsistent mathematical disabilities; 
SES = socio-economic status, as measured by years of parental education; TTR = Arithmetic 
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Number Facts Test (fact retrieval); KRT-R MA = Kortrijk Arithmetic Test Revision, Mental 
Arithmetics; KRT-R NK =  Kortrijk Arithmetic Test Revision, Number Knowledge ; PI = Paedological 
Institute-dictation (spelling); EMT = One Minute Reading Test (word reading speed). 
*p < .05; ** p  ≤  .01; *** p  ≤  .001.  
Since too few children had relatives with learning disabilities, no logistic 
regression analyses could be conducted with familial history and hence only percentages 
will be reported.  It was found that 28.57% of the MD-p group had a family member with 
learning disabilities, against 16.67% of the MD-i group and 7.69% of the control group. 
Of the MD-p group, one boy had a sister suffering from mathematical disabilities, and 
one girl had a father with reading disabilities.  Of the MD-i group, one girl had a nephew 
with reading disabilities.  One girl of the control group had a sister with reading 
disabilities. 
Logistic regression analyses were conducted with the other predictors.  Logistic 
regression produces odds ratios.  Odds ratios represent the ratio change in the odds of 
the event (e.g., belonging to the control group) for a one unit change in the predictor 
variable (e.g., accuracy of the phonological loop) and may vary from 0 to infinity.  An 
odds ratio can be seen as an estimate of effect size.  An odds ratio below 1 indicates a 
higher risk not to be in the reference group and as such reflects problems if the control 
group functions as reference category.  In contrast, an odds ratio higher than 1, suggests 
a higher chance to belong to the reference category and thus directs towards a 
protective factor if the control group is the reference group.  When the odds ratio is 1 
(or close to it), no effect is found.  Not only their nearness to 1, but also the significance 
of odds ratios - indicated by the p value of the Wald statistic - plays an important role in 
the decision process about the strength of a model.  Besides, model fitting results 
provide information about the significance of the model and log likelihood ratio tests 
show us to what extent the model changes if we omit a particular predictor.  Nagelkerke 
R2  is used to express the explanation power, it ranges from 0 to 1.  Finally, the model 
predicts group membership by trying to classify participants correctly.  Due to the small 
sample size, no more than two predictors at a time were entered in one model.  Only 
predictors with a good fit were combined together until the model could not be 
improved anymore and hence was maximized.  
Socio-economic status.  Only the father’s SES was a significant predictor, χ2 (2, n 
= 26) = 6.80, p = .033, Nagelkerke R2 = 0.26.  The model could classify 53.8% of the 
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children correctly; 57.1% of the MD-p group, 0% of the MD-I group and 76.9% of the 
control group. 
Intelligence.  The MD group was carefully matched with the control group on 
intelligence, in order to rule out possible influence of this factor.  For this reason, only 
the MD-p and MD-i group were compared with each other.  The model was not 
significant, χ2 (2, n = 26) = 2.69, p = .101, Nagelkerke R2 = 0.25; 71.4% of the MD-p group 
and 83.3% of the MD-i group was classified correctly. 
Preparatory mathematical abilities.  Seriation appeared to be the only 
significant preparatory mathematical abilities predictor,  χ2 (2, n = 26) = 6.37, p = .041, 
Nagelkerke R2 = 0.25.  Overall, 57.7% of the children were classified correctly: 57.1% of 
the MD-p group, 0% of the MD-i group and 84.6% of the control group.  
Reading and spelling.  The best model consisted of pseudoword reading and 
spelling, χ2 (4, n = 26) = 27.21, p < .001, Nagelkerke R2 = 0.74.  Log-likelihood-tests 
showed significant results for both pseudoword reading (χ2 (2, n = 26) = 7.32, p = .026) 
and spelling (χ2 (2, n = 26) = 7.57, p = .023); 71.4% of the MD-p group, 50% of the MD-I 
group and 92.3% of the control group was classified correctly.  Overall, the model 
classified 76.9% of the children correctly.  
Working memory. Spatial span and digit recall appeared to be the best working 
memory predictors.  This model was significant, χ2 (4, n = 26) = 20.77, p < .001, 
Nagelkerke R2 = 0.63.  Moreover, log-likelihood-tests showed significant results for digit 
recall (χ2 (2, N = 26) = 9.51, p = .009) and spatial span (χ2 (2, N = 26) = 6.61, p = .037).  
Overall, 76.9% of children were correctly classified: 71.4% of the MD-p group, 66.7% of 
the MD-i group and 84.6% of the control group. 
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Table 5 
Multinomial Logistic Regression Models for Predicting Persistent and Inconsistent MD Based on 
Socio-economic Status, Intelligence, Preparatory Mathematical Abilities, Reading, Spelling and 
Working Memory Span Scores 
   95% CI for OR  
Group comparison Model OR Lower Upper Wald (df) 
SES 
MD-p vs controla 
MD-i vs control 
MD-p vs controlb 
Intelligence 
MD-p vs MD-i  
Preparatory Math  
MD-p vs control 
MD-i vs control 
MD-p vs MD-i 
Reading and spelling 
MD-p vs control 
 
MD-i vs control 
 
MD-p vs MD-i 
 
Working memory 
MD-p vs control 
 
MD-i vs control 
 
MD-p vs MD-i 
 
 
SES Father 
SES Father 
SES Father 
 
Intelligence 
 
Seriation 
Seriation 
Seriation 
 
Klepel 
PI-dictation 
Klepel 
PI-dictation 
Klepel 
PI-dictation 
 
Digit recall 
Spatial span 
Digit recall 
Spatial span 
Digit recall 
Spatial span 
 
0.57 
1.07 
0.53 
 
1.11 
 
0.18 
0.21 
0.85 
 
0.01 
0.05 
0.24 
0.01 
0.03 
6.36 
 
0.02 
0.52 
0.29 
0.17 
0.07 
3.03 
 
0.33 
0.76 
0.30 
 
0.96 
 
0.03 
0.03 
0.27 
 
0.00 
0.00 
0.01 
0.00 
0.00 
0.14 
 
0.00 
0.13 
0.02 
0.03 
0.00 
0.57 
 
0.97 
1.50 
0.96 
 
1.28 
 
1.06 
1.28 
2.70 
 
1.04 
11.39 
4.34 
0.74 
2.41 
300.33 
 
0.72 
2.08 
4.02 
0.92 
2.11 
      16.10 
 
4.23 (1)* 
0.14 (1) 
4.42 (1)* 
 
2.02 (1) 
 
3.59 (1) 
2.87 (1) 
0.08 (1) 
 
3.79 (1)* 
1.17 (1) 
0.94 (1) 
4.36 (1)* 
2.50 (1) 
0.88 (1) 
 
4.59 (1)* 
0.86 (1) 
0.84 (1) 
4.24 (1)* 
2.34 (1) 
1.69 (1) 
Note. OR = odds ratio; CI = confidence interval; MD-p = persistent mathematical disabilities; MD-
i= inconsistent mathematical disabilities; SES = socio-economic status, as measured by years of 
parental education. 
a control group as reference category; b inconsistent mathematical disabilities group as reference 
category.  
* p ≤ .05. 
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DISCUSSION 
Persistence of Mathematical Disabilities  
A first aim of this study was to investigate mathematical performance and 
persistence of MD over time.  Fact retrieval, mental arithmetics and number knowledge 
were measured at the age of 6, 7 and 10 years.  Results revealed that at the age of 10, 
only 54% (7 out of 13 children) of the MD children still performed below the 25th 
percentile on at least one math test.  Four of them were girls and hence a balanced 
gender ratio was found (Shalev et al., 2005).  This percentage of MD-p is in line with 
previous findings (Mazzocco & Myers, 2003; Shalev et al., 2005; Silver et al., 1999).  
Math Performance over Time 
A second objective was to gain insight into mathematical performance of control 
children, children with MD-p and with MD-i over time.  In the first place, our results 
concerning fact retrieval are only to some degree in congruence with literature, which 
states that children with MD experience persistent fact retrieval deficits (Jordan, Hanich, 
& Kaplan, 2003a).  At the age of 10, performance was still worse in children with MD-p 
and MD-i than in control children.  However, as was found in the individual growth 
curves as well, fact retrieval performance became better over time for all groups and 
hence results rather point into the direction of a developmental delay instead of a 
deficit.  Besides, looking at the individual scores, it was found that only three children 
achieved a score below the 25th percentile.  These results might partly be influenced by 
the cutoff we used to define MD (Mazzocco et al., 2008).  Although the mild 25th 
percentile is commonly used in studies on MD, the 10th percentile is more severe and 
close to the estimated prevalence (Geary et al., 2007; Murphy et al., 2007).  Evidence 
showed that the fact retrieval profile of children with severe MD differs from the profile 
of the children with mild MD (Geary, 2011). 
Secondly, results revealed that children with MD-i and MD-p catched up number 
knowledge performance, although this improvement seemed to occur more slowly in 
children with MD-p.  No differences over time were found in mental arithmetics 
performance for the MD-p group and in both mental arithmetics and number knowledge 
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performance for the control group.  Previous studies reported how procedural 
impairments in MD were manifested in terms of a developmental delay (e.g., Geary, 
2011).  This developmental delay was clearly manifested in the procedural performance 
of our MD-i group, but was only partially reflected in the performance of the MD-p 
group, hence indicating a more severe developmental delay in children with MD-p than 
in children with MD-i.  The individual growth curves of mathematical performance also 
clearly illustrate this strong evolution in children with MD-i, especially for number 
knowledge.  Although there is a wide diversity of scores at the age of 6, all children seem 
to reach approximately the same level by the age of 10.  In general, the individual 
growth curves show a fluctuating evolution.  Math progress was different in all children 
and intra-individual differences seemed to be as common as inter-individual ones, which 
illustrates that mathematical abilities are dynamic and change over time (Stock et al., 
2010). 
MD-p, MD-i and Possible Influential Factors 
Gender, familial history and socio-economic status.  In congruence with MD 
studies (e.g., Shalev et al., 2005), no gender differences were found.  An equal number 
of boys suffered from MD-p or MD-i.  Two children of the MD-p group (28.5%) and no 
children of the MD-i group had a family member who also suffered from learning 
disabilities.  In this study, SES was indicated by the years of parental education.  Results 
revealed that the less educated the father was, the higher the child’s chance was to 
belong to the MD-p group.  However, the model could not classify the MD-i children 
correctly.  Except for one child, they were all categorized as control children.  
Longitudinal research of Krajewski and Schneider (2009) revealed that parental SES, as 
measured by educational status and trained and current professions, became only 
important at the age of 10 years (and not at the age of 6 to 8).  Hence, the fact that 
children with MD-i no longer suffered from MD at the age of 10, while it seems that 
parental SES starts to become of influence at that age, might explain why all the MD-i 
children were categorized as control children instead of as children with MD-p.   
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Intelligence.  Intelligence was no significant predictor of MD-i or MD-p.  These 
results contradict findings of for instance Stock et al. (2010) and may be due to the small 
group sizes of the MD-i and MD-p group. 
Preparatory mathematical abilities.  In contrast with previous research (e.g., 
Stock et al., 2010), only seriation was a significant predictor.  The fact that none of the 
other preparatory mathematical abilities was of importance, might probably be clarified 
by the dynamic aspect of mathematical abilities (Shalev et al., 2004).  Most preparatory 
mathematical abilities research is restricted to the first years of elementary school.  
Hence, one can expect a declining influence of preparatory mathematical abilities on 
MD-p over time.  Indeed, the study of Toll et al. (2011) could classify 76.9% of the 
children correctly if persistence was not taken into account, against 57.1% when 
controlling for chronicity.  
Reading and spelling.  Five MD-p children and one MD-i child achieved a score 
below the 25th percentile on at least one reading or spelling test and all reading and 
spelling scores were significantly lower in children with MD-p and MD-i than in control 
children.  In addition, the reading and spelling model could classify 76.9% of the children 
correctly, 50% were correctly categorized in the MD-i group.  Relative to the control 
group, the odds ratios of the MD-i group and the MD-p group showed a significant 
decrease concerning respectively spelling and pseudoword reading.  Results of the MD-p 
group are in line with Geary et al. (2007), Mazzocco and Myers (2003) and Murphy et al. 
(2007), but contradict the findings of Shalev et al. (2005), who found that spelling, but 
not reading, was associated with persistence of MD.  These findings subscribe to the 
importance of taking reading and spelling into account in MD research (Wilson & 
Dehaene, 2007).  
Working memory.  The best working memory logistic regression model consisted 
of digit recall and spatial span as predictors.  Relative to the control group, the odds 
ratios of the MD-i group and the MD-p group showed a significant decrease in 
respectively spatial span and digit recall: the higher the working memory scores, the 
higher the chance to belong to the control group.  Moreover, the model could classify 
76.9% of the children correctly, 66.7% were correctly categorized in the MD-i group.  
Overall, working memory was the strongest predictor of MD-p and MD-i, even stronger 
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than reading and spelling scores of the children.  Results revealed that children with MD-
p performed poorer on digit recall than control children. Only few studies have 
investigated working memory in children with MD-p (Vukovic & Siegel, 2010), but both 
Geary et al. (2007) and Vukovic and Siegel (2010) also reported, among others, poorer 
digit recall in children with MD-p in comparison with control children (see also Table 4).  
The fact that children with MD-p experienced problems with the phonological loop is in 
line with findings on mathematical performance.  Research has shown that the 
phonological loop plays an important role in mathematical abilities, in particular in 
mental calculation, mature addition strategies, verbal counting strategies and fact 
retrieval and especially later on in elementary school (De Smedt et al., 2009).   
Moreover, results revealed poorer spatial span performance in children with MD-
i as compared to the control children.  The spatial span has to be seen as a visuospatial 
central executive one. The central executive is mainly involved in controlling and 
monitoring complex operations (McLean & Hitch, 1999) and the visuospatial sketchpad 
in the spatial aspects of calculations and the use of concrete representations (De Smedt 
et al., 2009).  Our findings are in line with Passolunghi and Cornoldi (2008), who also 
found that a visuospatial central executive task was one of the most important 
predictors of differences between children with MD and control children at the age of 8 
and 10 years. 
Limitations 
Some important limitations should be mentioned as well.  In the first place, this 
longitudinal study occurred with an individually matched, though small sample. As a 
consequence, some analyses could not be conducted.  For instance, because of the 
absence of family members with learning disabilities in the MD-i group, no analyses 
were performed.  In addition, some results might not be noticed due to a lack of power.  
This might for example have been the case for intelligence.  
Recently, the distinction was made between severe and mild MD.  Several 
studies proposed the 10th percentile as cutoff score to operationalize severe MD (e.g., 
Geary, 2011; Murphy et al., 2007; Van De Voorde, Roeyers, Verté, & Wiersema, 2010).  
These studies generally refer to children with a percentile score below the 11th and 25th 
percentile as low achievers (e.g., Stock et al., 2010).  However, it is still very common in 
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MD research to investigate these two groups together (Vukovic, Lesaux, & Siegel, 2010; 
Vukovic & Siegel, 2010) and consider all children with a math score below the 25th 
percentile as children with mild MD.  This was done in our study as well. As a 
consequence, we do not have specific information about persistence and underlying 
problems in children with severe MD. 
Moreover, recently, several studies (e.g., Murphy et al., 2007; Geary, 2011) 
proposed the 10th percentile as cutoff score to operationalize MD.  This value is more 
restricted and closer to the estimated prevalence of approximately 7% (Geary, 2011) 
than for instance the 35th percentile (Geary, 2007).  These studies generally refer to 
children with a percentile score below the 11th and 25th percentile as low achievers (e.g., 
Stock et al., 2010).  Since it is still common in learning disabilities research to study both 
low achievers and children with learning disabilities together, in this study we used the 
25th percentile as cutoff score and the term mathematical disabilities (MD) to refer to 
our participants (Vukovic & Siegel, 2010).  Hence, whereas some studies categorize 
children with learning disabilities separately from low achieving children, this was not 
done in our study. 
In the third place, although our sample was carefully matched on gender, age, 
and intelligence, due to practical reasons, we were not able to match each child with MD 
with a control child from the same classroom.  This might have affected results in that 
instruction level, motivation of the teacher, etcetera might have influenced performance 
of the children.   
Finally, working memory, reading and spelling were not taken into account at the 
ages of 5, 6 and 7 years. Hence, we were not able to conclude anything about these 
skills, their progresses and the influence of these progresses on math performance at 
the age of 10.  Although longitudinal studies measuring these skills as well (e.g., Bull et 
al., 2008) are promising, further research is needed before any conclusions can be made. 
Implications and Future Research 
In the first place, the finding that mathematical abilities strongly develop over 
time in children with MD may have some implications for clinical practice and education.  
It will be important to support children with MD as much as possible during treatment 
and in the classroom.  Although this requires further investigation, one may expect that 
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children outgrow their problems more quickly if help is provided.  However, this is only 
one side of the picture.  Although it seems to occur to a lesser extent, change might also 
take place in the other direction, as is reflected by the plotted individual growth curves 
and happens in for instance children with late-emerging MD.  By staying alert for math 
problems and intervening quickly, the risk of developing serious mathematical problems 
might be minimalized.  In research, one cannot assume that children diagnosed with MD 
will still suffer from severe impairments some years later, even if math problems 
remained during two consecutive years.  Hence, it will be necessary to frequently retest 
children with MD and to confirm diagnosis based on continuous low match performance 
(Fletcher et al., 2005; Murphy et al., 2007).  Moreover, use of a severe instead of a mild 
diagnosis is advised in future studies.  
In addition, our reading and spelling findings subscribe to the importance of 
controlling for those skills in MD research (Wilson & Dehaene, 2007) and in clinical 
practice.  It is estimated that between 3.4% (Badian, 1999) and 7.6% (Dirks et al., 2008) 
of the population suffers from both RD and MD.  Children suffering from learning 
disabilities experience more generalized and persistent problems than children with MD 
only (Dirks et al., 2008).  Hence, in order to get a full picture or diagnosis, one should not 
only assess mathematical performance, but also reading and spelling skills. 
Finally, our sample was very small. For this reason, it might be worthwhile to 
measure math, reading, spelling and working memory performance during all 
elementary school years with a larger sample of children.  In that way, we would have a 
more detailed understanding of mathematical development and possible influencing 
factors in control children, children with MD-p and especially children with MD-i.    
Conclusion 
 Overall, this longitudinal study revealed some important findings.  In the first 
place, 54% (4 girls and 3 boys) of the children who were diagnosed as having MD at the 
age of 7 years still suffered from MD at the age of 10.  Moreover, results suggested 
different mathematics, reading, spelling and working memory profiles for the MD-i, the 
MD-p and control group.  Hence, in future research, it will be important to prevent 
children with MD-i from being considered as either control or MD-p, since this may 
(strongly) influence results.  In clinical practice, besides mathematics, working memory, 
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reading and spelling should be assessed in children with MD-i and MD-p.  Problems of 
children with MD might not be restricted to mathematics. 
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WORKING MEMORY IN CHILDREN 
WITH LEARNING DISABILITIES 1  
 
ABSTRACT 
Elementary school children with reading disabilities (RD, n = 17), mathematical 
disabilities (MD, n = 22) or combined reading and mathematical disabilities (RD+MD, n = 
28) were compared to control peers (n = 45) on working memory measures.  2 (RD 
versus no RD) x 2 (MD versus no MD) factorial ANCOVA’s revealed clear differences 
between children with and without RD on all working memory components.  Children 
with MD had lower span scores than the control children on measures of the 
phonological loop and the central executive.  A significant interaction-effect between RD 
and MD was only found for listening recall and had a small partial effect size.  In 
addition, analyses showed that the best logistic regression model consisted of a 
visuospatial and a central executive task.  The model significantly distinguished between 
the control and clinical groups, and between the MD and RD+MD group.  Evidence was 
found for domain-general working memory problems in children with learning 
disabilities.  Management of working memory loads in structured learning activities in 
the classroom, at home or during therapy may help these children to cope with their 
problems in a more profound manner. 
  
                                                          
1
 Based on De Weerdt, F., Desoete, A., & Roeyers, H. (in press). Working memory in children with reading 
and/or mathematical disabilities. Journal of Learning Disabilities. doi: 10.1177/0022219412455238 
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INTRODUCTION 
Working Memory in Children with Reading Disabilities 
Reading disabilities (RD) are defined as persisting impairments in reading and/or 
spelling abilities, at a level that remains significantly below expected given the age, and 
despite good instruction, and that are not explained by extraneous factors, such as 
sensory deficits (Schatschneider & Torgesen, 2004; Vellutino, Fletcher, Snowling, & 
Scanlon, 2004).  Prevalence is estimated between 5-12% of children (Schumacher, 
Hoffmann, Schmal, Schulte-Korne, & Nothen, 2007).  Deficits in phonologically related 
processes are considered the core problem of RD (e.g., Vellutino et al., 2004), but 
working memory impairments are reported as well (e.g., Savage, Lavers, & Pillay, 2007; 
Siegel & Ryan, 1989).   
The multicomponent model of Baddeley (1986) is used by the main part of 
learning disabilities studies investigating working memory (e.g., Passolunghi & Siegel, 
2004; van der Sluis, van der Leij, & de Jong, 2005).  Baddeley (1986) considers working 
memory as the active system that regulates complex cognitive behavior and consists of a 
central executive attentional control system, answering for the processing aspect of a 
task and strongly interacting with two domain-specific storage systems.  The 
phonological loop is responsible for the storage and maintenance of verbal information; 
the visuospatial sketchpad has similar responsibilities for visual and spatial information 
(Baddeley, 1986).  Recall tasks are frequently used measures of these slave systems, 
whereas central executive capacity is mostly measured by complex span tasks that 
require simultaneous storage and processing of information (Bayliss, Jarrold, Gunn, & 
Baddeley, 2003).  Forward recall tasks have a minimal processing load.  This load is much 
higher in backward spans (Baddeley, 1996) and maximized in dual tasks (Bayliss et al., 
2003).  (Backward) recall and dual tasks are often used in learning disabilities research 
(e.g., Geary, Hoard, Byrd-Craven, Nugent, & Numtee, 2007; Passolunghi & Siegel, 2004). 
In a later stage, the episodic buffer was added to the model (Baddeley, 2000) and 
conceptualized as a multidimensional but essentially passive store that can be fed from 
the other working memory components, from long-term memory or through perception 
(Baddeley, Allen, & Hitch, 2010).  To our knowledge, no research on working memory in 
children with learning disabilities has taken this component into account, probably 
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because the episodic buffer has to be seen as a vague, shadowy concept, which is – in 
spite of its high importance – still in its infancies (Baddeley et al., 2010).  Since 
Baddeley’s model of 1986 is without any doubt the most empirically verified (Miyake et 
al., 2000), the focus of our study lies on this model.   
Despite its important status, Baddeley’s model is not the only influential one (see 
Miyake and Shah (1999) for an overview of working memory models).  For instance, the 
continuity model of Cornoldi and Vecchi (2003) presents working memory on two 
continua.  The horizontal dimension makes a distinction between the stimulus 
modalities (e.g., verbal, visual and spatial), while the vertical dimension distinguishes 
passive storage from active processing (Passolunghi & Mammarella, 2010).  In the latter, 
transformation and manipulation of the stimuli and thus involvement of the central 
executive are asked for (Passolunghi & Cornoldi, 2008).  Recall tasks (e.g., digit -, word 
list – en block recall) can be considered passive storage tasks.  Backward recall tasks 
(e.g., backward digit -, backward word list – en backward block recall) can be seen as 
more active processes and dual tasks (e.g., listening recall, spatial span) as the most 
active ones (Passolunghi & Cornoldi, 2008).  
The phonological loop is often seen as a component of phonological awareness 
(Gathercole, Alloway, Willis, & Adams, 2006).  Hence, it is not surprising that a 
substantial body of research has shown that the phonological loop is impaired in 
children with RD (Kibby, Marks, Morgan, & Long, 2004).  In addition, several studies have 
reported problems in the central executive (e.g., Siegel & Ryan, 1989).  In a meta-
analysis of 88 studies on working memory in children with RD of average intelligence, 
Swanson, Zheng, and Jerman (2009) found that overall memory problems were primarily 
moderated by deficiencies related to the central executive and the phonological loop.  
Knowledge concerning the visuospatial sketchpad in children with reading disabilities is 
restricted and findings are ambiguous (e.g., Gathercole et al., 2006; Kibby et al., 2004). 
Working Memory in Children with Mathematical Disabilities 
Mathematical disabilities (MD) are defined in exactly the same way as RD, but 
concerning persisting deficits in mathematical skills (Landerl, Bevan, & Butterworth, 
2004).  Most researchers currently report a prevalence of approximately 7% of children 
(Geary, 2011).  Besides the important emphasis on an inborn core deficit in the number 
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module (i.e., a capacity specialized for recognizing and mentally manipulating 
numerosities; Butterworth, 1999), research focuses on working memory as well (e.g., 
Bull & Scerif, 2001; Swanson & Jerman, 2006; Temple & Sherwood, 2002).  Some studies 
revealed deficits in all three components of working memory (e.g., Geary et al., 2007), 
others marked only problems in the central executive (Passolunghi & Siegel, 2004; 
Swanson & Sachse-Lee, 2001) or the central executive and the visuospatial sketchpad 
(e.g., Gathercole & Pickering, 2000; McLean & Hitch, 1999).  Hence, results are mixed. 
It is estimated that between 3.4% (Badian, 1999) and 7.6% (Dirks et al., 2008) of 
the population suffers from both RD and MD.  Despite this prevalence, studies 
concerning working memory in children with specific RD, specific MD, as well as 
combined reading and mathematical disabilities (RD+MD) are rare (van der Sluis et al., 
2005).  Although RD frequently co-occur with MD, only few RD studies have taken 
mathematics into account (Swanson et al., 2009; Vukovic, Lesaux, & Siegel, 2010).  The 
same is true for spelling and reading in MD research (e.g., Fuchs & Fuchs, 2002; Swanson 
& Jerman, 2006).  Some of the inconsistent results may be explained by differences 
between children with specific and combined learning disabilities (Landerl & Moll, 2010).  
However, research studying working memory in RD, MD as well as in RD+MD is rather 
scarce (van der Sluis et al., 2005).  
Comorbidity 
Since cognitive deficits in RD and MD are heterogeneous (Rubinsten & Henik, 
2009), the emerging etiological models for both RD and MD are considered to be 
multifactorial (Pennington, 2006).  The fact that working memory deficits are reported 
both in RD and MD, may point into the direction of a working memory deficit as a shared 
cognitive risk factor between RD and MD (Pennington, 2006).  The aim of this study was 
therefore to investigate working memory in children with RD, with MD and with RD+MD.  
If the same working memory problems are found both in RD and in MD, it might be 
considered a cognitive risk factor.  Underadditivity would be the case: the comorbid 
group would perform at a similar level than the RD and the MD group (Shanahan et al., 
2006).  If the opposite is true and the working memory deficits in MD are independent 
of the deficits in RD, then the RD+MD group would be nothing more than the sum or the 
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additive combination of the deficits in each pure group (Willcutt, Pennington, Olson, 
Chhabildas, & Hulslander, 2005). 
Objectives and Research Questions 
Taking RD, MD as well as RD+MD into account, might reveal a different picture 
than when just comparing one clinical group with age-matched control peers (Dirks, 
Spyer, van Lieshout, & de Sonneville, 2008).  The purpose of the current study is twofold.  
In the first place, we want to investigate differences and commonalities in working 
memory performance between control children, children with RD, MD and RD+MD.  In 
accordance, we want to look for a shared cognitive risk factor (Pennington, 2006).  
Secondly, since most of the studies report working memory deficits in children with 
learning disabilities, but seem to find mixed results, we would like to investigate which 
working memory tasks best predict learning disabilities. 
METHOD 
Participants 
Four groups of children between 8 and 12 years old participated in this study: 
control children from third to sixth grade of regular elementary schools and children 
diagnosed with RD, MD or RD+MD referred by paraprofessionals.  All children with 
learning disabilities were tested with standardized math -, reading – and spelling tests, 
treated and diagnosed by a recognized paraprofessional or in a specialized center.  Each 
child was screened for inclusion in the study.  Parents who had given their child 
permission to participate, completed questions about previous diagnoses or other 
(medical) problems their child suffered from.  Only native Dutch-speaking children from 
regular elementary schools with an average intelligence above 80 and without reported 
histories of sensory impairment, brain damage, a chronic medical condition, insufficient 
instruction, serious emotional or behavioral disturbance or developmental disorders, 
such as behavior motor problems, autism or ADHD were included.  To control for ADHD, 
children who achieved a (sub)clinical score on both the parent and teacher version of 
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the Disruptive Behavior Disorder (DBD) rating scale (Pelham, Gnagy, Greenslade, & 
Milich, 1992; Dutch translation: Oosterlaan et al., 2008) were eliminated from the study. 
All children were tested on math-, reading - and spelling measures to control if 
criteria were met.  If that was not the case, they were excluded from the study.  Control 
children had to achieve a score above the 25th percentile on all math and spelling tests 
and at least standard score (SS) 8 on all reading tests.  In congruence with Geary (2011) 
referred children with MD had to score below the 11th percentile on at least one of the 
frequently used standardized math tests, measuring mental arithmetics and number 
knowledge (procedural skills) and fact retrieval.  Children with RD had to achieve a score 
below the 11th percentile on a spelling test and/or below SS6 on at least one of the 
reading tests, measuring word reading speed and pseudoword reading.  Children with 
RD+MD had to score below the 11th percentile on at least one math test and below the 
11th percentile (spelling) or SS 6 (reading) on at least one spelling- or reading test (Dirks 
et al., 2008; Murphy, Mazzocco, Hanich, & Early, 2007). 
The final sample consisted of 45 control children, 17 children with RD, 22 children 
with MD and 28 children with RD+MD.  Mean age was 10 years, 0 months.  Subject 
characteristics are presented in Table 1. 
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Table 1 
Subject Characteristics of the Sample 
 
Characteristic 
Control (n=45) RD (n=17) MD (n=22) RD+MD (n=28) 
M (SD) M (SD) M (SD) M (SD) 
Age in months 
Male : female 
IQ 
Z-score TTR 
Z-score KRT-R 
Z-score PI 
Z-score EMT 
Z-score Klepel 
120.91 (10.37) 
19:26 
108.42 (9.86)a 
0.94 (0.62)a 
0.80 (0.39)a 
0.91 (0.41)a 
0.90 (0.65)a 
0.84 (0.63)a 
119.53 (13.41) 
10:7 
105.18 (8.47)ab 
-0.27 (0.61)b 
0.50 (0.52)a 
-0.90 (0.57)c 
-0.78 (0.42)c 
-0.81 (0.42)b 
117.55 (9.01) 
6:16 
94.82 (9.21)c 
-0.27 (0.82)b 
-1.02 (0.64)b 
0.49 (0.51)b 
0.41 (0.70)b 
0.47 (0.84)a 
122.29 (12.43) 
9:11 
99.57 (11.45)bc 
-0.87 (0.71)c 
-0.92 (0.69)b 
-0.90 (0.49)c 
-0.79 (0.60)c 
-0.89 (0.50)b 
Note. RD = reading disabilities; MD = mathematical disabilities; RD+MD = reading- and 
mathematical disabilities; TTR = Arithmetic Number Facts Test (fact retrieval); KRT-R = Kortrijk 
Arithmetic Test Revision (procedural mathematical skills); PI = Paedological Institute-dictation 
(spelling); EMT = One Minute Reading Test (word reading speed).  
a,b,c posthoc indices at p < .05. 
Measures 
IQ, mathematics, reading and spelling measures.  We calculated an estimated 
IQ, using an abbreviated version of the Dutch WISC-III (Wechsler et al., 2005).  This 
shortened version is recommended by Grégoire (2000), has a high correlation (r = .93) 
with Full Scale IQ (Kaufman, Kaufman, Balgopal, & McLean, 1996) and consists of four 
subtests: Vocabulary, Similarities, Picture Arrangement and Block Design.  
In order to obtain a complete overview of the mathematical abilities of children, 
two math tests were used.  The Arithmetic Number Facts Test (Tempo Test Rekenen, 
TTR; De Vos, 1992) is a numerical facility test consisting of five subtests with arithmetic 
number fact problems: addition, subtraction, multiplication, division and mixed 
exercises.  Children have to solve as many items as possible in five minutes; they can 
work one minute on every colon.  The TTR is a standardized test that is frequently used 
in Flemish education as a measure of number fact retrieval (e.g., Stock, Desoete, & 
Roeyers, 2010). 
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The Kortrijk Arithmetic Test Revision (Kortrijkse Rekentest Revisie, KRT-R; 
Baudonck et al., 2006) is a standardized test on mathematical achievement which 
requires that children solve mental arithmetics and number knowledge tasks.  The KRT-R 
is frequently used in Flemish education as a measure of procedural mathematical skills 
(e.g., Stock et al., 2010).  In TTR and KRT-R, raw scores were the numbers of correct 
items and were converted in percentile- and z-scores.  All z-score conversions were 
based on the entire sample. 
Furthermore, all children were tested with standardized Dutch reading and 
spelling measures.  Word reading speed or fluency was assessed by the One Minute 
Reading Test (EMT; Brus & Voeten, 1999) and pseudoword reading by the Klepel (Van 
den Bos, Spelberg, Scheepstra, & de Vries, 1994).  Both reading tests consist of lists of 
116 unrelated words. Children are instructed to read as many words as possible in one 
(EMT) or two minutes (Klepel) without making errors.  On both tests, the raw scores 
were the numbers of words read correctly.  These raw scores were then converted into 
SS (mean: 10, SD: 3) and z-scores, based on the entire sample. 
Spelling was assessed with Paedological Institute-dictation (PI-dictation; 
Geelhoed & Reitsma, 2000), a Dutch standardized test in which children have to write 
down the repeated word from each sentence.  The test consists of nine blocks of 15 
words.  Each block has a higher difficulty level and testing is stopped once a child made 
seven or more errors in a block.  Raw score was the number of words spelled correctly 
and was converted in a percentile- and z-score. 
Working memory measures.  (Backward) digit -, word list -, listening - and block 
recall (inspired on Corsi, 1972) of the Working Memory Test Battery for Children 
(WMTB-C; Gathercole & Pickering, 2001) were used (e.g., Geary et al., 2007).  In 
addition, in line with St Clair- Thompson and Gathercole (2006), all children were tested 
with the spatial span; an adapted version of the Automated Working Memory 
Assessment (AWMA; Alloway, 2007).  Finally, backward word list recall and backward 
block recall were used (e.g., Passolunghi & Mammarella, 2010). 
All span tasks were based on Baddeley’s working memory model (1986).  
Maximum span length was nine for digit - and block recall; seven for (backward) word 
list -, backward digit - and backward block recall, and six for listening recall and spatial 
span.  Sequence of onset was two for backward digit recall, backward word recall and 
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backward block recall and one for all other tasks.  In accordance with the WMTB-C, each 
length series consisted of six trials.  The task was discontinued if three errors or more 
were made in one block.  As for the other tasks, for listening recall and spatial span, a 
trial was only considered correct if the child recalled the right sequence in the correct 
serial position.  Span score was calculated by counting each correct trial as one sixth and 
adding the total number of sixths - except for backward digit -, backward word list- and 
backward block recall, where the total number of sixths were added and incremented 
with one (Smyth & Scholey, 1992).  This option was chosen, since this measure was 
more sensitive than taking the individual span as the longest sequence length for which 
four out of six sequences are correctly recalled (Imbo, Szmalec, & Vandierendonck, 
2009).   
All tasks were programmed in Affect 4.0 (Hermans, Clarysse, Baeyens, & Spruyt, 
2005) and presented on a desk-top, the CRT screen was placed in front of the participant 
(refresh rate: 75 Hertz).  The main task was not started until the child thoroughly 
understood the task instructions.  For spatial span and (backward) block recall, a mouse 
was used as response device.  In order to effectively eliminate reading demands of a task 
and to avoid spurious results arising from reading and/or spelling abilities associated 
with RD, all instructions were presented to the participants both in a visualized and 
verbal modality (Smith-Spark & Fisk, 2007; Vukovic et al., 2010).  Furthermore, all verbal 
stimuli were read to the children.  Sound was presented via two speakers located at the 
left- and right side of the screen.  Finally, by use of a voice key as response device, verbal 
reports were taken into account instead of written responses.  This was the case for 
(backward) digit recall, (backward) word list recall and listening recall.  In all tasks, the 
experimenter pressed a key in order to trigger the next item (Landerl et al., 2004).  As 
the subtest order of the WMTB-C was followed, all tasks were presented in a fixed 
order. 
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Figure 1. Visualization of the working memory tasks 
Phonological loop.  Digit - and word list recall are measures for the verbal recall 
of sequences.  Children have to repeat sequences of digits or high frequent words (see 
Figure 1 for a trial representation).  Digit sequences were random lists of digits ranging 
from 1 to 9.  The word sequences consisted of lists of monosyllabic words, adopted from 
the Dutch translation of Braams (2002).  
Visuospatial sketchpad.  Block recall measures dynamic spatial recall of series. 
Children have to repeat sequences of squares.  Nine blue squares were irregularly 
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arranged over the screen.  Squares that were part of a sequence that had to be recalled,  
were enlightened in orange one by one.  Afterwards, a screen with nine blue squares 
was shown.  Children were asked to repeat the sequence of the orange squares by 
clicking on the different blue squares (see Figure 1).  
Central executive.  In backward digit recall, backward word list recall and 
backward block recall, children are required to recall sequences of digits, words or 
squares in the reverse order.  Trials were constructed in the same way as in digit -,word 
list – and block recall (see Figure 1).  Finally, two dual tasks were measured.  In listening 
recall, children are presented with a sequence of spoken sentences (e.g., ‘Lions have 
four legs’), sentences were based on the Dutch translation of Braams (2002).  The 
instructions are twofold.  In the processing task, they have to verify the sentence by 
stating ‘true’ or ‘false’.  In the memorization task, the final word for each sentence has 
to be recalled in sequence (see Figure 1).  The second dual task, i.e., spatial span, 
measures the processing of static spatial information.  A picture of two identical shapes 
in which the shape on the right side has a red dot, is shown to the children.  In the 
processing task, the child has to identify whether the shape on the right side is the same 
or opposite of the shape on the left.  In the recall task, the child has to show the location 
of each red dot on the shape in the correct sequence (see Figure 1). 
Procedure 
Data Collection.  All children were tested by a trained researcher in a quiet room 
at home for three different sessions, each session lasting up to 90 minutes.  To maximize 
vigilance and persistence in completing tasks, breaks were included.  During the first 
session, tests were used to tap mathematics and spelling.  In the second session, reading 
and intelligence were measured.  During the last session, working memory tasks were 
administered. 
Datatrimming, missing data and outlieranalysis.  For each participant, all RTs 
less than 150 ms were eliminated, as were all RTs from voice key - or other errors.  This 
affected no more than 10% of the trials for any measure.  At the sample level, both RT 
and accuracy measures exceeding the group mean by 3 SDs were replaced by values 3 
SDs from the group mean (Friedman & Miyake, 2004).  In all of the tasks, the percentage 
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of outliers was less than 2%.  Missing values were replaced by the group mean.  In 
(backward) digit recall and (backward) word recall, this was the case for less than .80%.  
In block recall for less than 2.70%, in backward block recall and spatial span for less than 
4% and in listening recall for less than 7%. 
Statistical analysis.  After assumptions of normality and homogeneity were met, 
2 (RD versus no RD) x 2 (MD versus no MD) factorial univariate analyses of covariance 
(ANCOVAs) were carried out to examine task performance in control children and 
children with learning disabilities.  The 2 x 2 design instead of analyses with the four 
groups (control, RD, MD and RD+MD), was chosen to gain the necessary information 
about the performance of the RD+MD group.  A significant interaction between the RD 
and MD factor provides evidence for the underadditivity hypothesis, whereas no 
interaction-effect points in the direction of RD+MD as an additive combination of RD and 
MD (Willcutt et al., 2005).  Post hoc tests (Bonferroni) were conducted when significant 
main - and interaction effects were found. 
 In addition, multinomial logistic regression analysis was used to clarify to what 
extent working memory predicts the probability of RD, MD and RD+MD. 
Our sample was rather small.  For this reason, effect sizes were included in this 
section to be able to judge the risk of type 1 errors.  Moreover, control and clinical 
groups showed different IQ-, gender- and age profiles.  Consequently, univariate 
analyses of variance (ANOVA’s) were carried out with a carefully matched sample.  They 
revealed similar results.  However, the sample was small (n = 48) and thus suffered from 
a lower power with a risk for type 2 errors.  Sample size is not a problem for significant 
correlations or regressions. However, when analyses have insufficient power and are not 
significant, a risk of type 2 – or β – mistakes (concluding from the cohort that there were 
no differences although in reality there were differences in the population) cannot be 
excluded.  Therefore, all analyses were performed with the whole sample and in control 
of gender, age and intelligence. 
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RESULTS 
Univariate Analyses of Covariance  
In the first place, 2 (RD versus no RD) x 2 (MD versus no MD) factorial ANCOVAs 
were carried out with accuracy (represented by span scores) or RT of each working 
memory task and gender, intelligence and age as covariates. 
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The ANCOVA with RT of backward block recall as dependent variable revealed a 
significant effect of the RD factor.  Children with RD were significantly slower on 
backward block recall than children without RD (F(1, 102) = 19.92, p < .001 , ηp
2 = 0.16).  
However, none of the other analyses with RT as dependent variable were significant.  
Hence, RT results will not be reported here.  We refer to Table 2 for means and standard 
deviations of span scores and RTs of the control, RD, MD and RD+MD group.   
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 ANCOVAs  were conducted with span score as dependent variable (see Table 3).  
Concerning the RD factor, analyses revealed that children without RD performed better 
than children with RD on digit recall (p < .001), block recall (p = .002), backward digit 
recall (p <.001), backward word list recall (p = .002), backward block recall (p = .017), 
listening recall (p = .046) and spatial span (p = .046).  No significant differences were 
found for word list recall (p = .333).  Span scores of children with MD were lower than 
span scores of children without MD on digit recall (p = .002), backward digit recall (p = 
.006), backward word list recall (p = .006), listening recall (p = .030) and spatial span (p = 
.031).  There were no significant effects of word list recall (p = .344), block recall (p = 
.148) and backward block recall (p = .153).  The ANCOVA with listening recall revealed a 
significant interaction-effect (F(1, 102) = 4.08, p = .046 , ηp
2 = 0.04).  A trend was found 
for the interaction-effect of block recall (F(1, 102) = 3.21, p = .076, ηp
2 = 0.03).  ANCOVAs 
with digit recall (F(1, 102) = 1.61, p = .208), word list recall (F(1, 102) = 1.57, p = .213), 
backward digit recall (F(1, 102) = 1.41, p = .239), backward word list recall (F(1, 102) = 
0.07, p = .786),  backward block recall (F(1, 102) = 0.21, p = .649) and spatial span (F(1, 
102) = 0.16, p = .687) revealed no significant interaction-effects between RD and MD.   
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Multinomial Logistic Regression Model 
To detect which of the working memory span scores best predicted learning 
disabilities, a multinomial logistic regression model was carried out.  Logistic regression 
produces odds ratios.  Odds ratios represent the ratio change in the odds of the event 
(e.g., belonging to the control group) for a one unit change in the predictor variable 
(e.g., accuracy of the phonological loop) and may vary from 0 to infinity.  An odds ratio 
can be seen as an estimate of effect size.  An odds ratio below 1 indicates a higher risk 
not to be in the reference group and as such reflects problems if the control group 
functions as reference category.  In contrast, an odds ratio higher than 1, suggests a 
higher chance to belong to the reference category and thus directs towards a protective 
factor if the control group is the reference group.  When the odds ratio is 1 (or close to 
it), no effect is found.  Not only their nearness to 1, but also the significance of odds 
ratios - indicated by the p value of the Wald statistic - plays an important role in the 
decision process about the strength of a model.  Besides, model fitting results provide 
information about the significance of the model and log likelihood ratio tests show us to 
what extent the model changes if we omit a particular predictor.  Finally, Nagelkerke R2 
is used to express the explanation power, it ranges from 0 to 1. 
Based on this information, several multinomial logistic regression analyses were 
conducted in search for the best model, i.e., the model that best fitted the data.  
Predictors that did not fit well, were left out until the model was maximized.  The 
analyses started with all working memory measures as predictors, along with group as 
dependent variable and in control of age, gender and intelligence.  Since previous 
bivariate logistic regression analyses had shown that none of the interaction effects 
were significant or odds ratios were nearby 1, they were not entered. 
The two predictors of the best model were the span scores of block recall and 
backward digit recall.  Model fit was significant, χ2 (15, N = 112) = 86.13, p < .001 and 
Nagelkerke R 2= 0.58.  Moreover, log-likelihood-tests showed significant results for block 
recall (χ2 (3, N = 112) = 14.01, p = .003) and backward digit recall (χ2 (3, N = 112) = 30.50, 
p < .001).  As evident from Table 4, this model generated a set of significant effects.  
Relative to the control group, the odds ratios of the RD- (odds ratio (OR) = 0.08; 
confidence interval (CI) = 0.02 - 0.40; p = .002), the MD- (OR = 0.13; CI = 0.03-0.56; p = 
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.006) and the RD+MD group (OR = 0.03; CI = 0.01 - 0.15; p < .001) showed a significant 
decrease concerning backward digit recall.  Block recall was a significant predictor for 
the RD group (OR = 0.13; CI = 0.03 - 0.51; p = .004), the MD group (OR = 0.19; CI = 0.05-
0.74; p = .017) and the RD+MD group (OR = 0.14; CI = 0.04-0.52; p = .003) as well.  The 
higher the accuracy on block recall and backward digit recall, the higher the chance the 
child belonged to the control group.  Results concerning the clinical groups only were 
less clear.  The RD+MD group showed a significant odds ratio decrease relative to the 
MD group for backward digit recall (OR = 0.23; CI = 0.06 - 0.94; p = .040).  However, 
compared to the RD group, no significant change was found in the odds ratio of children 
with MD, nor in the odds ratio of the children with RD+MD for block recall and backward 
digit recall.  
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Table 4 
Multinomial Logistic Regression Model for Predicting Learning Disabilities based on Working 
Memory, in Control of Gender, Age and Intelligence 
   95% CI for OR  
Group comparison Model OR Lower Upper Wald (df) 
RD vs controla 
 
 
 
 
MD vs control 
 
 
 
 
MD+RD vs control 
 
 
 
 
MD vs RDb 
 
 
 
 
RD+MD vs RD 
 
 
 
 
RD+MD vs MDc 
Genderd 
Age 
IQ 
Acc BR 
Acc BDR 
Gender 
Age 
IQ 
Acc BR 
Acc BDR 
Gender 
Age 
IQ 
Acc BR 
Acc BDR 
Gender 
Age 
IQ 
Acc BR 
Acc BDR 
Gender 
Age 
IQ 
Acc BR 
Acc BDR 
Gender 
Age 
IQ 
Acc BR 
Acc BDR 
1.03 
1.07 
0.95 
0.13 
0.08 
0.41 
1.06 
0.86 
0.19 
0.13 
0.27 
1.11 
0.91 
0.14 
0.03 
0.39 
0.99 
0.91 
1.51 
1.54 
0.27 
1.04 
0.96 
1.07 
0.36 
0.67 
1.06 
1.06 
0.71 
0.23 
0.25 
0.99 
0.88 
0.03 
0.02 
0.10 
0.98 
0.80 
0.05 
0.03 
0.07 
1.03 
0.85 
0.04 
0.01 
0.09 
0.92 
0.84 
0.51 
0.32 
0.06 
0.97 
0.90 
0.39 
0.07 
0.17 
0.99 
0.99 
0.27 
0.06 
4.23 
1.16 
1.02 
0.51 
0.40 
1.65 
1.14 
0.92 
0.74 
0.56 
1.11 
1.20 
0.97 
0.52 
0.15 
1.76 
1.06 
0.98 
4.49 
7.34 
1.11 
1.12 
1.02 
2.94 
1.70 
2.68 
1.12 
1.12 
1.87 
0.94 
0.00 (1) 
2.77 (1) 
2.23 (1) 
8.52 (1)** 
9.60 (1)** 
1.60 (1) 
1.80 (1) 
16.79 (1)** 
5.74 (1)* 
7.48 (1)** 
3.26 (1) 
7.69 (1)** 
8.14 (1)** 
8.60 (1)** 
18.66 (1)** 
1.49 (1) 
0.14 (1) 
6.91 (1)** 
0.54 (1) 
0.30 (1) 
3.31 (1) 
1.29 (1) 
1.76 (1) 
0.02 (1) 
1.69 (1) 
0.31 (1) 
3.12 (1) 
2.92 (1) 
0.48 (1) 
4.19 (1)* 
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Note. OR = odds ratio; CI = confidence interval; RD = reading disabilities; MD = mathematical 
disabilities; RD+MD = reading - and mathematical disabilities; Acc BR = span score on block 
recall; Acc BDR = span score on backward digit recall. 
a control group as reference category; b reading disabilities group as reference category; c 
mathematical disabilities group as reference category; d girls as reference category. 
** p ≤ .01; * p ≤ .05. 
DISCUSSION 
This study wished to investigate if working memory problems can be considered 
as a shared cognitive risk factor of RD and MD and if working memory can predict 
learning disabilities.  Lower span scores than the control group on digit recall and 
backwards digit recall were associated with all learning disabilities groups.  In addition, 
analyses with the control, RD, MD and RD+MD group revealed similar span scores for 
the clinical groups on all working memory tasks.  Moreover, the best logistic regression 
model showed that the predictors block recall and backward digit recall could 
differentiate children with learning disabilities from children without learning 
disabilities.  They could not distinguish the RD group from the MD or RD+MD group.  
Hence, one should expect that the comorbid group is underadditive (Willcutt et al., 
2005).  However, there was a significant interaction effect of the RD and MD factors for 
listening recall only, with a small partial effect size (ŋ2= 0.04).  Moreover, none of the 
other central executive – or even working memory - tasks revealed a significant 
interaction-effect.  Based on this information it is hard to conclude that a deficit in the 
central executive might be an important shared cognitive risk factor (Pennington, 2006).  
Rather, it seems like working memory problems are manifested in another way in 
children with RD than in children with MD.  These findings are in congruence with 
studies that point in the direction of RD and MD as distinct disorders (e.g., Landerl, 
Fussenegger, Moll, & Willburger, 2009). 
Since listening recall is often used as a measure of inhibition (e.g., Passolunghi, 
2011), one can wonder if these findings rather implicate an inhibition deficit as shared 
cognitive risk factor.  This certainly needs further investigation. 
Except for word list recall, children with RD differed significantly from children 
without RD on all working memory tasks.  Span scores of children with MD were 
significantly lower than span scores of children without MD for digit recall, backward 
digit recall, backward word list recall, listening recall and spatial span.  Significant 
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differences were found between the control and RD and RD+MD group on every 
working memory component and between the control and MD group on both the 
phonological loop and the central executive.  
Evidence was found for a domain-general rather than a domain specific working 
memory capacity deficit in children with RD and RD+MD.  Since there is the well-known 
core contribution of phonologically related processes to RD (e.g., Vellutino et al., 2004), 
it is quite surprising that children with RD seem to experience problems on all working 
memory components instead of on the phonological loop only (Kibby et al., 2004).  
Despite the fact that several studies found evidence for a domain-general deficit in 
children with MD (e.g., Murphy et al., 2007), our findings are less clear-cut.  In 
congruence with Swanson and Jerman (2006), evidence is rather found for a verbal 
working memory deficit: ANCOVAs revealed no significant differences between the 
control group and the group with MD on block recall and block recall backwards.  
However, in the multinomial regression model, both backward digit recall and block 
recall were strong predictors of the MD group in comparison with the control group.  
These findings are a bit ambiguous and might partly be explained by the fact that we 
used only spatial tasks and no visual ones.  Moreover, backward digit recall was of 
higher influence than digit recall in the regression model, probably because of the more 
active role of executive control of the former.  This was not the case for backward block 
recall and block recall.  Recent studies found evidence for another relationship between 
the visuospatial sketchpad and the central executive than between the phonological 
loop and the central executive (Mammarella & Cornoldi, 2008).  Moreover, backward 
spatial tasks (e.g., backward block recall) would not rely as much on central executive 
skills than complex spatial tasks do (Mammarella, Pazzaglia, & Cornoldi, 2008).  
However, other research has linked backward block recall explicitly with central 
executive functioning (Vandierendonck, Kemps, Fastame, & Szmalec, 2004). 
 
This study revealed interesting findings, but some limitations have to be 
mentioned as well.  Different operationalizations for RD may, to a certain extent, lead to 
selection of other participants (Dirks et al., 2008).  In line with several authors 
(Schatschneider & Torgesen, 2004; Vellutino et al., 2004), our definition of RD captures 
deficits in reading or spelling.  As a consequence, patterns reported here may not apply 
to reading or spelling if considered separately.  Both in English and in German language, 
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studies found different deficiencies of working memory involved in reading versus 
spelling disabilities (Hasselhorn, Schuchardt, & Mahler, 2010; Savage et al., 2005).  
Future research is recommended.  
In addition, the reported lack of differentiation between the clinical groups might 
be due to our sample selection.  In this study, children were only referred to the RD+MD 
group if they scored below the 11th percentile on math and reading or spelling tests 
(Dirks et al., 2008).  This indicates that some children of the specific MD group also had 
reading or spelling scores below the 25th percentile and some children of the specific RD 
group math scores below the 25th percentile.  However, analyses concerning reading, 
spelling and math scores revealed different profiles for all clinical groups (see Table 1).  
Nevertheless, further research with more severe selection criteria would be 
enlightening. 
In congruence with other research, working memory seems to be associated with 
learning disabilities irrespective of intelligence (e.g., Gathercole et al., 2006; Maehler & 
Schuchardt, 2009).  The logistic regression model marked an important role of 
intelligence, but this did not rule out the predictive value of working memory.  
Moreover, a stronger odds ratio decrease in children with RD, MD, and RD+MD was 
found compared to control children for working memory than for IQ.  Since we used a 
brief IQ measure, the impact of working memory beyond the effects of IQ might be 
related to the use of this measure. The brief IQ correlates strongly with Full Scale IQ 
(Kaufman et al., 1996).  As such, one might expect a minimal influence of the use of a 
brief instead of a Full Scale IQ measure. 
In addition, all participants were well screened and children with disabilities 
other than RD, MD or RD+MD were excluded from this study.  However, we were not 
able to control for the possible co-occurrence of other undiagnosed disabilities.  For 
instance, one out of four children with learning disabilities suffers from motor problems 
(Pieters et al., 2012), but due to practical restrictions, parents were only asked if their 
child suffered from it.  Another screening question just concerns the fact that screening 
inevitably excludes particular groups and as such may affect the results by contributing 
to a generalized as opposed to a specific finding.  In future studies, it will be important 
to establish whether working memory problems reported here might partly reflect the 
performance of children with learning disabilities and other comorbid disorders; e.g., 
ADHD (Savage et al., 2005).  Finally, working memory spans are susceptible to proactive 
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interference (Mammarella & Cornoldi, 2008).  Hence, this might have influenced our 
results to some extent.  Future research counterbalancing the spans in an ascending and 
a descending presentation format is recommended.  
Overall, this study showed some clear differences in working memory between 
control children and children with learning disabilities.  Although differences between 
the clinical groups are less clear-cut and further research is needed, it seems that all 
groups of children with learning disabilities suffer from domain-general working memory 
problems. Therefore, management of working memory loads in structured learning 
activities in the classroom, at home or during therapy may help these children to cope 
with their problems in a more profound manner (Gathercole et al., 2006). 
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INTERFERENCE CONTROL IN CHILDREN WITH  
READING AND/OR MATHEMATICAL DISABILITIES 1  
ABSTRACT 
Children with reading disabilities (RD, n = 31), mathematical disabilities (MD, n = 28), 
combined reading and mathematical disabilities (RD+MD, n = 47) and control peers (n = 
55) were tested on interference control, as measured by the quantity Stroop (Bull & 
Scerif, 2001) and the color-word Stroop (Stroop, 1935).  Children with RD did not 
perform significantly slower on the quantity or the color-word Stroop than children 
without RD.  In the same way, performance of children with MD was not significantly 
worse than performance of children without MD.  No significant interaction effect was 
found between MD and RD.  Our findings suggest that a lack of interference control 
might not be the underlying deficit in RD or MD.  Implications for understanding and 
assessing learning disabilities are considered. 
  
                                                          
1
 Based on De Weerdt, F., Desoete, A., & Roeyers, H. (submitted). Interference control in children with 
reading and/or mathematical disabilities. Learning and Individual Differences 
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INTRODUCTION 
Interference Control in Children with Learning Disabilities 
In some children learning is more difficult than in their peers.  Between 5 to 12% 
of children suffer from reading disabilities (RD; Schumacher, Hoffmann, Schmal, Schulte-
Korne, & Nothen, 2007) and approximately 7% of children are affected by mathematical 
disabilities (MD; Geary, 2011).   
School age children have to learn to read and solve mathematical problems.  This 
learning process is a developmental period with divergent and frequent changes in 
stimuli that have to be processed and elaborated.  During this process, inhibition is of 
crucial importance.  For instance, children have to inhibit the impulse to read less 
common graphemes, grapheme clusters or words correctly and should not pronounce 
them as the more frequently used graphemes, grapheme clusters or words they 
associate them with.  Another example can be found in mental arithmetics: once 
numbers get too large, children have to inhibit the finger counting strategy and use a 
less dominant but more accurate one.  Although there is increasing evidence concerning 
inhibition problems in children with learning disabilities (e.g., Bull & Scerif, 2001; de Jong 
et al., 2009; Passolunghi, 2011; Purvis & Tannock, 2000), relatively little consensus is 
reached about their interference control.  Interference control can be considered as the 
capacity to prevent interference caused by resource or stimulus competition (Nigg, 
2000).  
Whereas several studies on RD and MD have found impaired interference control 
(e.g., Reiter, Tucha, & Lange, 2005; van der Schoot, Licht, Horsley, & Sergeant, 2000; 
Zhang & Wu, 2011), others did not find such impairments (e.g., Censabella & Noel, 2005; 
van der Sluis et al., 2004), or only on some domains (Bull & Scerif, 2001).  For instance, 
van der Sluis et al. (2004) did not report any differences in interference control between 
children with RD and control children, while Reiter et al. (2005) found significantly better 
interference control in control children than in children with RD.  In addition, Zhang and 
Wu (2011) reported impairments in children with MD on both a color-word and a 
quantity Stroop task.  Moreover, a study of Bull and Scerif (2001) revealed a significant 
correlation between mathematical performance and the level of interference control 
assessed with a quantity Stroop task (the lower the mathematics ability, the higher the 
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interference), but not when interference control was tested with the color-word Stroop.  
In addition, no impairments of the MD group on a color-word and a quantity Stroop 
were found by Censabella and Noel (2005, 2008).  Finally, as reflected in the studies we 
described above, interference control is mostly measured by Stroop tasks (Nigg, 2000).  
As is the case for other tasks measuring inhibition, Stroop tasks always implicate other 
cognitive processes (i.e., the task impurity problem; Miyake et al., 2000).  Moreover, 
they rely to an important degree on naming speed (cf. the baseline condition of Stroop 
tasks; van Mourik et al., 2005).  As such, most studies measuring interference control by 
means of Stroop tasks, take naming speed into account, either by calculating the 
difference score between performance on the baseline (naming speed) and the 
incongruent (interference control) condition of a Stroop (e.g., Andersson et al., 2008; 
Bull & Scerif, 2001; Lee, Ng & Ng, 2009; Willcutt et al., 2001 ) or by comparing 
performance on both conditions (e.g., Censabella & Noël, 2008; van der Sluis, de Jong, & 
van der Leij, 2004; Willburger et al., 2008).   
Comorbidity 
It is estimated that between 3.4% (Badian, 1999) and 7.6% (Dirks et al., 2008) of 
the population suffers from both RD and MD.  This prevalence is much higher than could 
be expected by chance (Neale & Kendler, 1995).  Hence, learning disabilities appear to 
be the result of an interplay between both general and disorder-specific risk factors 
(Landerl & Moll, 2010).  If comparable deficits in interference control are indeed found 
both in children with RD (e.g., Reiter et al., 2005) and in children with MD (e.g., Zhang & 
Wu, 2011), these impairments may be a shared cognitive risk factor (Pennington, 2006).  
Underadditivity would be the case, the comorbid group would perform at a similar level 
than the RD and the MD group (Shanahan et al., 2006).  If interference control deficits in 
MD are independent of the deficits in RD, then the RD+MD group would be nothing 
more than the sum or the additive combination of the deficits in each pure group (van 
der Sluis et al., 2004; Willburger, Fussenegger, Moll, Wood, & Landerl, 2008).  However, 
up till now, little is known about the specific relationship between learning disabilities 
(Van der Sluis et al., 2004; Willburger et al., 2008).  Whereas for instance Zhang and Wu 
(2011) reported differences between children with MD and RD+MD on the quantity 
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Stroop, the studies of Van der Sluis et al. (2004) and Willburger et al. (2008) did not 
reveal such results. 
Aims of the Study 
To summarize, available research regarding interference control in children with 
learning disabilities is rather limited and inconclusive.  It is not well understood yet if and 
how interference control deficits are manifested in children with RD, in children with MD 
and in children with RD+MD.  This study wants to extend our knowledge regarding the 
origin of MD and RD by testing and comparing the performances of control children, 
children with RD, with MD and with RD+MD on two interference control measures.  
Several research questions were phrased: 
1. Is interference control similar in children with RD, with MD and with RD+MD?   
2. Do children with RD and with MD show slower average interference control than 
age matched peers? 
3. Is interference control in children with RD+MD the underadditive combination of 
interference control in children with MD and in children with RD? 
METHOD 
Participants  
Four groups of children between 8 and 12 years old participated in this study: 
control children from third to sixth grade of regular elementary schools and children 
diagnosed with RD, MD or RD+MD referred by school psychologists and speech 
therapists.  Only native Dutch-speaking children from regular elementary schools with 
an average intelligence above 80 and without reported histories of sensory impairment, 
brain damage, a chronic medical condition, insufficient instruction, serious emotional or 
behavioral disturbance or developmental disorders, such as behavior motor problems, 
autism or ADHD were included.   
All children were tested on math-, reading - and spelling measures to control if 
criteria were met.  Control children had to achieve a score above the 25th percentile on 
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all math and spelling tests and at least standard score (SS) 8 on all reading tests.  In 
congruence with Geary (2011) referred children with MD had to score below the 11th 
percentile on at least one of the frequently used standardized math tests, measuring 
mental arithmetic and number knowledge (procedural skills) and fact retrieval.  Children 
with RD had to achieve a score below the 11th percentile on a spelling test and/or below 
SS6 on at least one of the reading tests, measuring word reading speed and pseudoword 
reading.  Children with RD+MD had to score below the 11th percentile on at least one 
math test and below the 11th percentile (spelling) or SS 6 (reading) on at least one 
spelling- or reading test (Dirks, Spyer, van Lieshout, & de Sonneville, 2008; Murphy, 
Mazzocco, Hanich, & Early, 2007). 
The final sample consisted of 55 control children, 31 children with RD, 28 children 
with MD and 47 children with RD+MD.  Mean age was 10 years, 6 months.  Subject 
characteristics are presented in Table 1. 
Table 1 
Subject Characteristics of the Whole Sample 
 
Characteristic 
Control (n = 55) RD (n = 31) MD (n = 28) RD+MD (n =47) 
M (SD) M (SD) M (SD) M (SD) 
Age in months 
Male : female 
IQ 
Z-score TTR 
Z-score KRT-R 
Z-score PI 
Z-score EMT 
Z-score Klepel 
119.96 (11.02) 
25:30a 
108.58 (9.85)a 
0.84 (0.63)a 
0.82 (0.36)a 
0.89 (0.40)a 
0.92 (0.62)a 
0.81 (0.62)a 
120.55 (10.33) 
19:12ab 
105.77 (9.17)a 
-0.22 (0.59)b 
0.41 (0.55)b 
-0.90 (0.50)c 
-0.80 (0.39)c 
-0.88 (0.47)b 
120.07 (10.82) 
7:21ac 
95.68 (8.50)b 
-0.20 (0.77)b 
-1.03 (0.61)c 
0.44 (0.50)b 
0.46 (0.69)b 
0.53 (0.81)a 
121.38 (11.45) 
17:30ac 
97.11 (9.26)b 
-1.00 (0.79)c 
-1.04 (0.69)c 
-1.04 (0.76)c 
-1.00 (0.72)c 
-1.01 (0.54)b 
Note. RD = reading disabilities; MD = mathematical disabilities; RD+MD = reading- and 
mathematical disabilities; TTR = Arithmetic Number Facts Test (fact retrieval); KRT-R = Kortrijk 
Arithmetic Test Revision (procedural mathematical skills); PI = Paedological Institute-dictation 
(spelling); EMT = One Minute Reading Test (word reading speed).  
a,b,c post hoc indices at p < .05. 
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Measures 
IQ, mathematics, reading and spelling measures.  We calculated an estimated 
IQ, using an abbreviated version of the Dutch WISC-III (Wechsler et al., 2005).  This 
shortened version is recommended by Grégoire (2000), has a high correlation (r = .93) 
with Full Scale IQ (Kaufman, Kaufman, Balgopal, & McLean, 1996) and consists of four 
subtests: Vocabulary, Similarities, Picture Arrangement and Block Design.  
In order to obtain a complete overview of mathematical abilities, children were 
tested with the Arithmetic Number Facts Test (Tempo Test Rekenen, TTR; De Vos, 1992) 
and the Kortrijk Arithmetic Test Revision (Kortrijkse Rekentest Revisie, KRT-R; Baudonck 
et al., 2006).  In Flemish education, the TTR is a frequently used standardized measure of 
fact retrieval, whereas the KRT-R is an often used measure of procedural math skills 
(Stock, Desoete, & Roeyers, 2010).  Furthermore, all children were tested with 
standardized Dutch reading and spelling measures.  Word reading speed or reading 
fluency was assessed by the One Minute Reading Test (EMT; Brus & Voeten, 1999) and 
pseudoword reading by the Klepel (Van den Bos, Spelberg, Scheepstra, & de Vries, 
1994).  Spelling was assessed with the Dutch standardized Paedological Institute-
dictation (PI-dictation; Geelhoed & Reitsma, 2000).  For a more detailed description of 
the math, reading and spelling tests, we refer to De Weerdt, Desoete, and Roeyers (in 
press). 
Measures of interference control.  In line with several studies (e.g., Censabella & 
Noel, 2005; Censabella & Noel, 2008; Lee, et al., 2009; Miyake et al., 2000; Willburger et 
al., 2008), all children were tested with the quantity Stroop (Bull & Scerif, 2001) and the 
color-word Stroop (Stroop, 1935).  Both Stroop tasks consisted of two conditions: a 
baseline condition, as a measure of naming speed, and an incongruent condition, 
measuring interference control. 
In the quantity Stroop, numbers and quantities ranged from 1 to 4.  Only 
numbers and quantities up to 4 were used to make sure that children could subitize 
instead of counting (Lee et al., 2009).  In the baseline condition, children had to name 
the number of rectangles they saw.  In the incongruent condition, children were asked 
how many numbers appeared on the screen, while the quantity and the number of digits 
were inconsistent (e.g., 2222). 
INTERFERENCE CONTROL IN CHILDREN WITH RD AND/OR MD 
 
119 
 
In the color-word Stroop, the stimuli (words and ink colors) were red, green, blue 
and yellow.  In the baseline condition, children had to name the color of the rectangle. In 
the incongruent condition, the ink color of the written word had to be named, while the 
ink color and the word were inconsistent.  For all conditions, the dependent variable was 
the mean reaction time children achieved.  Difference scores were calculated by 
subtracting the mean reaction time of the baseline condition from the mean reaction 
time of the incongruent condition.  
Each task contained 30, pseudo-randomly ordered trials (see Figure 1 for a 
visualization of the trials).  In all tasks, a voice key was used to measure reaction time.  
After the voice key was triggered, the experimenter putted in if the answer was 
(in)correct by pressing a key on the keyboard and as such activated the next item 
(Landerl, Bevan, & Butterworth, 2004).  Tasks were programmed in Affect 4.0 (Hermans, 
Clarysse, Baeyens, & Spruyt, 2005) and presented on a desk top.  Before the start of 
each new task, five practice items were administered to ensure that the participants 
understood the task instructions and that the voice key sensitivity was adjusted.  
Children were asked to respond as quickly and accurately as possible.  Mean reaction 
time and percentage of error were calculated for all tasks separately.  Since accuracy 
was very high in all tasks, errors were not analyzed. 
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Figure 1. Visualization of the incongruent condition of the quantity and the color-word Stroop 
Procedure 
Data Collection.  All children were tested by a trained researcher in a quiet room 
at home for three different sessions.  To maximize vigilance and persistence in 
completing tasks, breaks were included.  During the first session, tests were used to tap 
mathematics and spelling.  In the second session, reading and intelligence were 
measured.  During the last session, Stroop tasks were administered. 
Datatrimming, missing data and outlieranalysis.  For each participant, all RTs 
less than 150ms were eliminated, as were all RTs from voice key - or other errors.  This 
affected no more than 4% of the trials for any measure.  At the sample level, both RT 
and accuracy measures exceeding the group mean by 3 SDs were replaced by values 3 
SDs from the group mean (Friedman & Miyake, 2004).  For none of the tasks, percentage 
of outliers was higher than 1.86%.  Missing values were replaced by the group mean.  
This occurred for 4.35% of the cases at maximum.  
500 ms Max 5000 ms 
Color -word Stroop (Stroop, 1935): incongruent condition 
500 ms Max 5000 ms 
Quantity Stroop (Bull & Scerif, 2001) : incongruent condition 
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Statistical analysis.  Assumptions of normality and homogeneity were not met.  
For this reason, analyses were conducted with logarithmic transformations (log10) of the 
RT-variables (Tabachnick & Fidell, 2007).  In the first place, effect size Cohen’s d was 
calculated pairwise between the groups (control, RD, MD and RD+MD) for both the 
difference score of the quantity and the color-word Stroop.  ANOVAs en Bonferroni 
posthoc analyses were executed with the difference scores and the control, RD, MD and 
RD+MD groups to look for the significance of pairwise comparisons. Secondly, in line 
with e.g., Van der Sluis et al. (2004), and Willburger et al. (2008), 2 (RD versus no RD) x 2 
(MD versus no MD) x 2 (baseline and incongruent condition of the Stroop task) factorial 
repeated measures analyses were carried out to investigate whether RD and MD are 
affected by interference control requirements and whether interference control can be 
considered as an underlying cognitive risk factor of both RD and MD.  MANOVAs for 
repeated measures allow us to compare interference control performance (represented 
by the incongruent condition of the Stroop) with naming speed performance (as 
measured by the baseline condition of the Stroop; e.g., Censabella & Noël, 2008; Van 
der Sluis et al., 2007).  The focus of our analyses lay on the interaction effects between 
the within and between-subjects factors, since such interaction effects indicate 
significant differences between performance on the baseline and the incongruent 
condition of the Stroop task.  A 2 (RD versus no RD) x 2 (MD versus no MD) design 
instead of analyses with the four groups (control, RD, MD and RD+MD), was selected to 
gain the necessary information about the performance of the RD+MD group.  This 
option was chosen because analyses with the four groups (control, RD, MD and RD+MD) 
do not inform us about the interaction effect between RD and MD and hence cannot 
offer information about the specificity of interference control as a cognitive risk factor.  
A significant interaction between the RD and MD factor provides evidence for the 
underadditivity hypothesis, whereas no interaction-effect between the between-
subjects factors points in the direction of RD+MD as an additive combination of RD and 
MD (Shanahan et al., 2006).   
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RESULTS 
Correlations 
Since groups were not matched on age and intelligence, correlations were 
calculated.  As shown in Table 2, all correlations with intelligence and measures of 
interference control were < .30.  The same was true for correlations with age and 
interference control measures, meaning that these variables only explained a very 
limited part of the variance.  Hence controlling for these variables seems not 
appropriate.  For an overview of the correlations between naming speed, age and 
intelligence (all < .30), we refer to Chapter 6 (‘Naming speed in children with learning 
disabilities’).  
Table 2 
Correlations between Intelligence, Age and Interference Control 
 Intelligence Age Quantity Stroop 
Intelligence 
Age 
Quantity Stroop 
Color-word Stroop 
- 
-.01 
-.24* 
-.28* 
- 
- 
-.22* 
-.09 
- 
- 
- 
-.68* 
Note. Quantity Stroop = interference control condition of the Quantity Stroop; Color-word 
Stroop = interference control condition of the color-word Stroop.  
 * p < .01 (after Bonferroni adjustment). 
In addition, since Table 1 showed gender differences between the RD group and 
the MD and RD+MD groups, all repeated measures analyses were also conducted in 
control of gender.  However, they revealed the same results and will not be reported 
here.   
Effect Sizes 
 No significant effect sizes could be found between the control group and the 
learning disabilities groups or between the learning disabilities groups themselves.  
Moreover, except for the effect size between the control and the RD group on the 
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difference score of the color-word Stroop (d = 0.33), all d were < .30. We refer to Table 3 
for an overview of the effect sizes. 
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Repeated Measures 
Quantity Stroop.  A repeated measures analysis with the baseline and 
incongruent condition of the quantity Stroop as within-subjects factor was conducted.  
No significant interaction effect was found between RD and the quantity Stroop, F(1,157) 
= 0.01, p = .935, between MD and the quantity Stroop, F(1,157) = 0.34, p = .559, and 
between RD, MD and the quantity Stroop, F(1,157) = 0.34, p = .559.  There was a 
significant main effect of RD (F(1,157) = 17.57, p < .001, ŋ2 = .10).  Both the main effect 
of MD and the interaction effect of RD and MD were not significant, respectively F(1,157) 
= 2.48, p = .118 and F(1,157) = 0.28, p = .599.  
Color-word Stroop.  We performed a repeated measures analysis with the 
within-subjects factor color-word Stroop (naming speed and interference control 
condition).  The interaction effect between RD and the within-subjects factor was not 
significant (F(1,157) = 0.41, p = .521); neither was the interaction effect between MD 
and the color-word Stroop (F(1,157) = 0.30, p = .584); and the three way-interaction 
effect of RD, MD and the color-word Stroop (F(1,157) = 1.93, p = .167). 
A significant main effect of RD was found (F(1,157) = 19.60, p < .001, ŋ2 = .11).  
The analysis revealed no significant results for the main effect of MD, F(1,157) = 0.52, p 
= .472 or for the interaction effect of RD and MD, F(1,157) = 0.29, p = .593. 
Means and standard deviations on the incongruent conditions of the quantity 
and the color-word Stroop tasks are presented in Table 4.  Means and standard 
deviations on the baseline conditions and the interference conditions of the Stroop tasks 
are plotted in Figure 2.   
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Figure 2. Plotted mean reaction time (MRT) on the baseline (naming speed) and incongruent 
(interference control) conditions of the quantity Stroop and the color-word Stroop of the control 
group, the group with reading disabilities (RD), the group with mathematical disabilities (MD) 
and the comorbid group (RD+MD). 
DISCUSSION 
Interference Control in Children with Learning Disabilities 
The main aim of this study was to investigate if children with RD, with MD and 
with RD+MD experienced problems with interference control in comparison with the 
control group and with each other.  And if so, whether these problems were similar in 
children with RD and MD and if deficits in interference control could be considered a 
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cognitive risk factor of both RD and MD.  Taking naming speed into account, it was found 
that none of the learning disabilities groups had a significantly slower interference 
control performance compared with the control group or with each other.  Moreover, 
effect sizes revealed to be very small.  The findings concerning the quantity Stroop are in 
congruence with e.g., van der Sluis et al. (2004) and Willburger et al. (2008).  Willburger 
et al. (2008) examined control children, children with RD, with MD and with RD+MD.  It 
was found that none of the learning disabilities groups experienced problems on 
quantity and object Stroop-like tasks in comparison with naming speed tasks.  In the 
study of Van der Sluis et al. (2004), children with RD, with MD and with RD+MD showed 
similar performance than the control children on letter-, digit-, quantity- and object 
Stroop-like tasks in comparison with naming speed tasks. As in the Willburger et al. 
(2008) study, the study of Van der Sluis et al. (2004) did not find any differences 
between the learning disabilities groups themselves.   
Our results are in contrast with e.g., the study of Zhang and Wu (2011), who 
found that children with MD were deficient on the color-word and the quantity Stroop 
and children with RD+MD on the color-word Stroop; and with the study of Reiter et al. 
(2005), who found that children with RD showed lower interference control than control 
children on the color-word Stroop. 
Limitations  
This study suffered from some limitations as well.  First, children were only 
referred to the RD+MD group if they scored below the 11th percentile or SS 6 on math 
and reading or spelling tests (Geary, 2011).  This indicates that some children of the 
specific MD group also had reading or spelling scores below the 25th percentile and 
some children of the specific RD group math scores below the 25th percentile.  However, 
except for fact retrieval, all analyses concerning reading, spelling and math scores 
revealed different profiles for all clinical groups (see Table 1).  Moreover, despite the 
fact that analyses revealed no significant influences of gender, intelligence and age; our 
sample was not matched on these variables.  Future research with an individually 
matched sample and more severe selection criteria would be enlightening.   
Instead of presenting different kind of stimuli together in one block (e.g., 
Censabella & Noel, 2005), each condition consisted of a particular kind of stimulus (e.g., 
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Hecht, Torgesen, Wagner, & Rashotte, 2001; Landerl et al., 2004).  This option was 
chosen, since studies have reported shifting problems in children with learning 
disabilities as well (Bull & Scerif, 2001; Poljac et al., 2010).  However, it might have 
influenced our results.  In addition, negative priming was not taken into account in the 
Stroop tasks.  This may have affected the results to some extent.  To increase knowledge 
about the underlying processes of interference control, it might be highly relevant to 
study negative priming and interference control in control children, children with RD, 
with MD and with RD+MD together.  
Implications and Future Directions 
In line with e.g. Censabella and Noel (2005); van der Sluis et al. (2004); Willburger 
et al. (2008), this study did not find any evidence for interference control deficits in 
children with learning disabilities.  As interference control does not seem to be an 
underlying cognitive deficit of RD or MD, there is no evidence in our data for the added 
value of the use of an interference control task during assessment or for interference 
control as an additional approach to treatment.  However, further research on 
interference control is needed to investigate the inconsistence with respect to the study 
of Reiter et al. (2005) and Zhang and Wu (2011)  
Moreover, based on the high comorbidity of RD and MD, there might be another 
shared cognitive risk factor.  It has been shown that children with learning disabilities 
are impaired in their executive functioning (e.g., Altemeier et al., 2008; D'Amico & 
Passolunghi, 2009), i.e., the general purpose control mechanisms that coordinate, 
regulate and control cognitive processes during the operation of cognitive tasks (Miyake 
et al., 2000).  Concerning this executive functioning, increasing evidence is found for 
inhibition problems (e.g., Bull & Scerif, 2001; de Jong et al., 2009; Passolunghi, 2011; 
Purvis & Tannock, 2000).  However,  results of our study did not reveal interference 
control problems in children with learning disabilities.  Since behavioral inhibition is seen 
as one of the most crucial executive functioning processes (Miyake et al., 2000), it might 
be worthwhile to investigate this kind of inhibition as potential cognitive risk factor in 
children with learning disabilities.  
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Conclusion 
Overall, this study showed no deficit in interference control in children with 
learning disabilities and suggested that RD, MD or RD+MD might not be caused by an 
interference control cognitive risk factor.    
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BEHAVIORAL INHIBITION IN CHILDREN  
WITH LEARNING DISABILITIES 1  
ABSTRACT 
Children with reading disabilities (RD, n = 17), mathematical disabilities (MD, n = 22), 
combined reading and mathematical disabilities (RD+MD, n = 28) and control peers (n = 
45) were tested on behavioral inhibition with a Go/no-go task in a non-symbolic picture 
modality and symbolic letter and digit-modalities.  In contrast to children without RD, 
children with RD made significantly more commission errors on both symbolic 
modalities compared to the non-symbolic picture modality.  As compared to children 
without MD, children with MD made as much commission errors on the non-symbolic 
picture modality and on the symbolic letter modality.  In addition, children with RD were 
slower on all modalities in comparison to children without RD.  Compared to the 
performance of children without MD, mean reaction time of children with MD was 
slower on both symbolic modalities than on the non-symbolic picture modality.  No 
significant interaction-effect was found between RD and MD.  These results can be 
considered as evidence for behavioral inhibition deficits related to symbolic stimuli in 
children with RD and response speed deficits in children with RD and MD.  The latter 
were found to be domain-general in children with RD and alphanumeric or symbolic in 
children with MD.  
  
                                                          
1
 Based on De Weerdt, F., Desoete, A., & Roeyers, H. (submitted). Behavioral inhibition in children with 
learning disabilities. Research in Developmental Disabilities 
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INTRODUCTION 
Behavioral Inhibition  
Executive functions can be described as the general purpose control mechanisms 
that coordinate and regulate cognitive processes during the operation of cognitive tasks 
(Miyake et al., 2000) and are localized in the central executive system of working 
memory (Baddeley, 1986).  Among them, behavioral inhibition is seen as one of the 
most crucial processes (Miyake et al., 2000).  According to Nigg’s (2000) taxonomy, 
behavioral inhibition is a type of effortful inhibition, besides interference control, 
oculomotor and cognitive inhibition.  It is considered as the capacity to suppress a 
prepotent or dominant response and entails the deliberate control of a primary motor 
response in compliance with changing context cues (Nigg, 2000).  Both the Go/no-go 
(Luce, 1986) and the Stop-signal task (Logan, Cowan, & Davis, 1984) are frequently 
conducted measures of behavioral inhibition (e.g., Friedman & Miyake, 2004; Purvis & 
Tannock, 2000). 
Behavioral Inhibition in Children with Reading Disabilities 
 Reading disabilities (RD) are defined as persisting impairments in reading and/or 
spelling abilities, at a level that remains significantly below expected given the age, and 
despite good instruction, and that are not explained by extraneous factors, such as 
sensory deficits (Schatschneider & Torgesen, 2004; Vellutino, Fletcher, Snowling, & 
Scanlon, 2004).  Prevalence of RD is estimated between 5-12% (Schumacher, Hoffmann, 
Schmal, Schulte-Korne, & Nothen, 2007).  Deficits in phonologically related processes are 
often considered as the core problem of RD (e.g., Vellutino et al., 2004), but 
impairments in inhibition are reported as well (e.g., de Jong et al., 2009).  Theoretical 
accounts of reading emphasize the important role of inhibition in the reading process 
(Schmid, Labuhn, & Hasselhorn, 2011).  Poor inhibition may contribute to poor letter 
and word recognition.  For instance, children with RD have to inhibit inadequate 
grapheme-phoneme correspondences (for instance reading ‘p’ as ‘b’ or ‘m’ as ‘n’ or 
’nam’ as ‘man’).  Failures to inhibit improper (though more dominant) pronunciations 
might impair word recognition performance in a more profound manner (Chiappe, 
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Hasher, & Siegel, 2000).  In addition, several studies reported behavioral inhibition 
deficits in children with RD (e.g., de Jong et al., 2009; Purvis & Tannock, 2000; van der 
Schoot, Licht, Horsley, & Sergeant, 2000).  Research of de Jong et al. (2009) and Purvis 
and Tannock (2000) revealed that children with RD had an impaired stop signal reaction 
time in comparison to control children.  However, other studies found no differences 
between both groups (e.g., Schmid et al., 2011).  A study of Reiter, Tucha, and Lange 
(2005) showed that children with RD differed significantly from control children on a 
Stroop task (they corrected themselves more often and made more mistakes), but not 
on a Go/no-go task.  Moreover, Van De Voorde, Roeyers, Verte, and Wiersema (2010) 
found no behavioral inhibition problems, as measured by a Go/no-go task, in RD when a 
baseline measure of functioning was taken into account.  Hence, mixed results were 
found concerning behavioral inhibition deficits in children with RD. 
Behavioral Inhibition in Children with Mathematical Disabilities 
It is estimated that between 3.4% (Badian, 1999) and 7.6% (Dirks et al., 2008) of 
the population suffers from both RD and MD.  Despite this prevalence, studies on 
behavioral inhibition in children with specific RD, specific MD, as well as combined 
RD+MD are rare.  MD are defined in exactly the same way as RD, but concerning 
mathematical abilities (Landerl, Bevan, & Butterworth, 2004; Passolunghi, Vercelloni, & 
Schadee, 2007).  Most researchers currently report a prevalence of MD of approximately 
7% (Geary, 2011).  Besides the important emphasis on a core deficit in the number 
module (i.e., a capacity specialized for recognizing and mentally manipulating 
numerosities; Butterworth, 1999), studies focus on executive functioning as well (Bull & 
Scerif, 2001; D'Amico & Passolunghi, 2009). 
Research has shown that inhibition is predictive for mathematical abilities and 
necessary in math performance for the active suppression of immature or incorrect 
strategies (Bull & Scerif, 2001).  Children with MD and -to a lesser extent- control 
children might for instance have the tendency to make table-related or counting-string 
errors (Geary, 2011).  Table-related errors are those mistakes that are in fact correct 
answers to similar problems in the multiplication table (e.g., ‘3 x 4 = 15’).  A counting-
string error can be defined as a wrong answer that follows one of the addends (typically 
the last one) in the counting string (e.g.,  3+ 5 = 6; Geary, 2011).  In contrast to research 
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studying behavioral inhibition in children with RD, to our knowledge, no MD study was 
conducted with a Stop-signal task and only one study, concerning both ADHD and MD, 
used a Go/no-go task (Passolunghi, Marzocchi, & Fiorillo, 2005).  This study revealed 
difficulties in inhibiting irrelevant numerical information in solving arithmetic word 
problems, but did not report any differences between the control children and the 
children with MD with regard to behavioral inhibition (Passolunghi et al., 2005).  
However, some studies investigated prepotent response inhibition in children with MD 
(Bull & Scerif, 2001; Censabella & Noel, 2005, 2008; van der Sluis, de Jong, & van der 
Leij, 2004).  The prepotent response inhibition of Friedman and Miyake (2004) encloses 
Nigg’s behavioral and oculomotor inhibition.  Whereas Nigg (2000) considers the Stroop 
task (Stroop, 1935) as a measure of interference control, Friedman and Miyake (2004) 
use this task as a measure of prepotent response inhibition, since the response that 
must be avoided in a Stroop task is dominant.  Results of MD studies using the Stroop 
task are mixed.  Zhang and Wu (2011) reported impairments in children with MD on 
both a color-word and a numerical Stroop.  A study of Bull and Scerif (2001) emphasized 
a significant correlation between mathematical performance and the level of 
interference control on a numerical Stroop task (the lower the mathematics ability, the 
higher the interference).  However, no impairments on the numerical Stroop were found 
by Censabella and Noel (2005), nor by van der Sluis et al. (2004).  Moreover, the latter 
found no impairments on an object version of the Stroop (van der Sluis et al., 2004). 
These mixed results are reflected in studies with the RD+MD group as well.  For 
instance, in a study of van der Sluis et al. (2004) the RD+MD group was not impaired on 
a numerical or an object version of the Stroop.  Zhang and Wu (2011) reported 
impairments on a color-word Stroop, but not on a numerical Stroop in children with 
MD+RD.  
Domain-generality versus Modality-specificity  
Hence, confusion exists concerning behavioral inhibition in children with learning 
disabilities.  The issue of domain-generality versus modality-specificity might partly 
contribute to this lack of clarity.  One can assume that behavioral inhibition can be 
differentiated in terms of modality (Censabella & Noel, 2005).  As a consequence, results 
may be influenced by the type of stimulus (Censabella & Noel, 2005; Noël & Rouselle, 
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2011).  Since children with MD were found to have deficits in number representation 
(Butterworth, 1999; Noël & Rousselle, 2011) and children with RD suffer from 
phonological deficits (Vellutino et al., 2004), one could expect modality-specific deficits 
in both groups of learning disabilities.  However, evidence for the modality-specificity 
hypothesis in children with MD and RD is mixed.  Some studies reported modality-
specific impairments in children with RD (e.g., Swanson, Zheng, & Jerman, 2009) and in 
children with MD (e.g., Bull & Scerif, 2001; Passolunghi et al., 2005; van der Sluis et al., 
2004), whereas others reported domain-general impairments (e.g., Booth, Boyle, & 
Kelly, 2010; Zhang & Wu, 2011).  In addition, both in MD and RD research, evidence has 
been found for problems with symbolic (alphanumeric) stimuli as opposed to problems 
with non-symbolic stimuli (e.g., van der Sluis et al., 2004; D’Amico & Passolunghi, 2009). 
Comorbidity 
Cognitive deficits in RD and MD are heterogeneous (Rubinsten & Henik, 2009).  
For this reason, the emerging etiological models for both RD and MD might be 
considered multifactorial (Pennington, 2006).  The fact that inhibition deficits are 
reported both in RD and MD (e.g., Bull & Scerif, 2001; Purvis & Tannock, 2000), may 
point into the direction of an inhibition deficit as a shared cognitive risk factor between 
RD and MD (Pennington, 2006).  However, knowledge concerning behavioral inhibition 
in children with MD (Censabella & Noel, 2005) and in children with MD+RD, is restricted.  
The aim of this study was therefore to investigate behavioral inhibition in children with 
RD, with MD and with MD+RD.  If behavioral inhibition deficits are found both in RD and 
in MD, it may be considered a cognitive risk factor.  Underadditivity would be the case: 
the comorbid group would perform at a similar level than the RD and the MD group 
(Shanahan et al., 2006).  If the opposite is true and the inhibition deficits in MD are 
independent of the deficits in RD, then the RD+MD group would be nothing more than 
the sum or the additive combination of the deficits in each pure group (Willcutt, 
Pennington, Olson, Chhabildas, & Hulslander, 2005). 
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Objectives and Research Questions 
It is not well understood yet if and how behavioral inhibition deficits are 
manifested in children with RD, in children with MD and in children with RD+MD.  This 
study wants to compare the performance of control children, children with RD, with MD 
and with RD+MD on a behavioral inhibition measure.  The Go/no-go task (Luce, 1986) is 
a frequently conducted measure of behavioral inhibition (Nigg, 2000) and hence a 
version with several modalities will be used in this study.  Each modality contains only 
one go and one no-go stimulus, allowing us to examine behavioral inhibition under 
conditions in which other cognitive and behavioral processes are minimized.  Tasks with 
more complex designs increase working memory demands (Simmonds, Pekar, & 
Mostofsky, 2008).  In this study we aim to investigate behavioral inhibition on a task 
with a limited working memory load, leading to the following research questions: 
1. Do children with RD, children with MD and children with RD+MD show deficits in 
behavioral inhibition as measured by a Go/no-go task (e.g., Passolunghi et al., 
2005; Reiter et al., 2005)?  
2. If behavioral inhibition impairments are found in children with learning 
disabilities, are they modality-specific (e.g., Bull & Scerif, 2001) or domain-
general (e.g., Booth et al., 2010)?  Is there a difference between performance on 
symbolic and non-symbolic behavioral inhibition measures ? 
3. Is there a difference between RD, MD and RD+MD on behavioral inhibition tasks? 
Can behavorial inhibition be seen as a cognitive risk factor of RD and MD 
(Pennington, 2006)? 
METHOD 
Participants  
Four groups of children between 8 and 12 years old participated in this study: 
control children from third to sixth grade of regular elementary schools and children 
diagnosed with RD, MD or RD+MD referred by school psychologists and speech 
therapists.  All children with learning disabilities were tested with standardized math -, 
reading – and spelling tests, treated and diagnosed by a recognized paraprofessional or 
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in a specialized center.  Each child was screened for inclusion in the study.  Parents who 
had given their child permission to participate, completed questions about previous 
diagnoses or other (medical) problems their child suffered from.  Only native Dutch-
speaking children from regular elementary schools with an average intelligence above 
80 and without reported histories of sensory impairment, brain damage, a chronic 
medical condition, insufficient instruction, serious emotional or behavioral disturbance 
or developmental disorders, such as behavior motor problems, autism or ADHD were 
included.  To control for ADHD, children who achieved a (sub)clinical score on both the 
parent and teacher version of the Disruptive Behavior Disorder (DBD) rating scale 
(Pelham, Gnagy, Greenslade, & Milich, 1992; Dutch translation: Oosterlaan et al., 2008) 
were eliminated from the study. 
All children were tested on math-, reading - and spelling measures to control if 
criteria were met.  If that was not the case, they were excluded from the study.  Control 
children had to achieve a score above the 25th percentile on all math and spelling tests 
and at least standard score (SS) 8 on all reading tests.  In congruence with Geary (2011) 
referred children with MD had to score below the 11th percentile on at least one of the 
frequently used standardized math tests, measuring mental arithmetic and number 
knowledge (procedural skills) and fact retrieval.  Children with RD had to achieve a score 
below the 11th percentile on a spelling test and/or below SS6 on at least one of the 
reading tests, measuring word reading speed and pseudoword reading.  Children with 
RD+MD had to score below the 11th percentile on at least one math test and below the 
11th percentile (spelling) or SS 6 (reading) on at least one spelling- or reading test (Dirks, 
Spyer, van Lieshout, & de Sonneville, 2008; Murphy, Mazzocco, Hanich, & Early, 2007). 
The final sample consisted of 45 control children, 17 children with RD, 22 children 
with MD and 28 children with RD+MD.  Mean age was 10 years.  Subject characteristics 
are presented in Table 1.  
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Table 1 
Subject Characteristics of the Whole Sample 
 
Characteristic 
Control (n=45) RD (n=17) MD (n=22) RD+MD (n=28) 
M (SD) M (SD) M (SD) M (SD) 
Age in months 
Male : female 
IQ 
Z-score TTR 
Z-score KRT-R 
Z-score PI 
Z-score EMT 
Z-score Klepel 
120.91 (10.37) 
19:26 
108.42 (9.86)a 
0.94 (0.62)a 
0.80 (0.39)a 
0.91 (0.41)a 
0.90 (0.65)a 
0.84 (0.63)a 
119.53 (13.41) 
10:7 
105.18 (8.47)ab 
-0.27 (0.61)b 
0.50 (0.52)a 
-0.90 (0.57)c 
-0.78 (0.42)c 
-0.81 (0.42)b 
117.55 (9.01) 
6:16 
94.82 (9.21)c 
-0.27 (0.82)b 
-1.02 (0.64)b 
0.49 (0.51)b 
0.41 (0.70)b 
0.47 (0.84)a 
122.29 (12.43) 
9:11 
99.57 (11.45)bc 
-0.87 (0.71)c 
-0.92 (0.69)b 
-0.90 (0.49)c 
-0.79 (0.60)c 
-0.89 (0.50)b 
Note. RD = reading disabilities; MD = mathematical disabilities; RD+MD = reading- and 
mathematical disabilities; TTR = Arithmetic Number Facts Test (fact retrieval); KRT-R = Kortrijk 
Arithmetic Test Revision (procedural mathematical skills); PI = Paedological Institute-dictation 
(spelling); EMT = One Minute Reading Test (word reading speed).  
a,b,c post hoc indices at p < .05. 
Measures 
IQ, mathematics, reading and spelling measures.  We calculated an estimated 
IQ, using an abbreviated version of the Dutch WISC-III (Wechsler et al., 2005).  This 
shortened version, recommended by Grégoire (2000), has a high correlation (r = .93) 
with Full Scale IQ (Kaufman, Kaufman, Balgopal, & McLean, 1996) and consists of four 
subtests: Vocabulary, Similarities, Picture Arrangement and Block Design. 
The Arithmetic Number Facts Test (TTR; De Vos, 1992) is a numerical facility test 
consisting of five subtests with arithmetic number fact problems: addition, subtraction, 
multiplication, division and mixed exercises.  Children have to solve as many items as 
possible in five minutes; they can work one minute on every colon.  The TTR is a 
standardized test that is frequently used in Flemish education as a measure of number 
fact retrieval (e.g., Stock, Desoete, & Roeyers, 2010). 
The Kortrijk Arithmetic Test Revision (KRT-R; Baudonck et al., 2006) is a 
standardized test on mathematical achievement which requires that children solve 
mental arithmetic and number knowledge tasks.  The KRT-R is frequently used in Flemish 
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education as a measure of procedural mathematical skills (e.g., Stock et al., 2010).  In 
TTR and KRT-R, raw scores were the numbers of correct items and were converted in 
percentile- and z-scores.  All z-score conversions were based on the entire sample. 
Furthermore, all children were tested with standardized Dutch reading and 
spelling measures.  Word reading speed or fluency was assessed by the One Minute 
Reading Test (EMT; Brus & Voeten, 1999) and pseudoword reading by the Klepel (Van 
den Bos, Spelberg, Scheepstra, & de Vries, 1994).  Both reading tests consist of lists of 
116 unrelated words.  Children are instructed to read as many words as possible in one 
(EMT) or two minutes (Klepel) without making errors.  On both tests, the raw scores 
were the numbers of words read correctly.  These raw scores were then converted into 
SS (mean: 10, SD: 3) and z-scores, based on the entire sample. 
Spelling was assessed with Paedological Institute-dictation (PI-dictation; 
Geelhoed & Reitsma, 2000), a Dutch standardized test in which children have to write 
down the repeated word from each sentence.  The test consists of nine blocks of 15 
words.  Each block has a higher difficulty level and testing is stopped once a child made 
seven or more errors in a block.  Raw score was the number of words spelled correctly 
and was converted in a percentile- and z-score. 
Behavioral inhibition measure: the Go/no-go task.  In line with Nigg (2000) and 
in congruence with e.g., Passolunghi et al. (2005) and Reiter et al. (2005), a Go/no-go 
paradigm was used to assess behavioral inhibition of non-symbolic and symbolic stimuli, 
with very limited working memory demands (Simmonds, Pekar, & Mostofsky, 2008).  
The concept of a Go/no-go task with three different modalities was based on Van De 
Voorde et al. (2010).  The task was programmed in Affect 4.0 (Hermans, Clarysse, 
Baeyens, & Spruyt, 2005).  The frequency of go trials was 75%.  Moreover, intertrial 
interval was kept constant at 2250ms.  We refer to Figure 1 for a trial representation.  
The task consisted of two formats (symbolic and non-symbolic) and three conditions, 
measuring a picture (non-symbolic), a letter (symbolic) or a digit modality (symbolic).  
Conditions were presented in a fixed order.  A condition contained no more than two 
visual stimuli.  In that way, the influence of other cognitive processes was minimized 
(Van De Voorde et al., 2010).  Each condition consisted of 45 go trials (the picture of a 
bird in the first condition, letter ‘a’ in the second and number ‘1’ in the third) and 15 no-
go trials (a butterfly, ‘m’ and ‘6’, respectively).  Children were asked to push the 
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spacebar when a go stimulus appeared, but not when a no-go stimulus appeared on the 
screen and to do that as accurately and quickly as possible.  In order to effectively 
eliminate confusion in children with RD, all instructions were presented to the 
participants both in a visualized and verbal modality (Smith-Spark & Fisk, 2007; Vukovic, 
Lesaux, & Siegel, 2010).  Before the start of each condition, five practice items were 
administered to ensure that the participants understood the task instructions. 
Mean reaction time of the correct go trials (MRT) and commission errors were 
used as dependent measures.  Commission errors were considered as measure of 
behavioral inhibition, while MRT mainly measures response speed (Van De Voorde et al., 
2010).  Commission errors are those errors where the child pushed the spacebar during 
a no-go trial.  Since accuracy on the go trials was very high, omission errors (i.e., those 
errors where the participant did not press the spacebar during a go trial) were not 
analyzed. 
 
Figure 1. Visualization of the Go/no-go task 
Procedure 
Data collection.  All children were tested by a trained researcher in a quiet room 
at home for three different sessions.  To maximize vigilance and persistence in 
completing tasks, breaks were included.  During the first session, tests were used to tap 
mathematics and spelling.  In the second session, reading and intelligence were 
measured.  During the last session, the Go/no-go task was administered.  The task was 
presented on a desk top, the CRT screen was placed in front of the participant (refresh 
rate: 75 Hertz).  Sound was presented via two speakers located at the left- and right side 
of the screen. 
BEHAVIORAL INHIBITION IN CHILDREN WITH LEARNING DISABILITIES 
 
145 
 
Datatrimming, missing data and outlieranalysis.  For each participant, all MRTs 
less than 150ms were eliminated.  Maximum response time was 1750ms and none of 
the MRTs between 150ms and 1750ms were eliminated.  At the sample level, both MRT 
and commission errors exceeding the group mean by 3 SDs were replaced by values 3 
SDs from the group mean (Friedman & Miyake, 2004).  Percentage of outliers was 
0.89%.  Missing values were replaced by the group mean, this was the case for 1.8% of 
the data.  
Statistical analysis. Assumptions of normality and homogeneity were met. We 
conducted 2 (RD versus no RD) x 2 (MD versus no MD) x 3 (picture-, letter- and digit 
modality) factorial repeated measures analyses to examine task performance in control 
children and children with learning disabilities.  Multivariate analyses of variance 
(MANOVAs) for repeated measures were executed to test the effect of stimulus 
modality on task performance of the groups.  Analyses with the four groups (control, RD, 
MD and RD+MD) do not inform us about the interaction-effect between RD and MD and 
hence cannot offer specific information about behavioral inhibition as a cognitive risk 
factor.  For this reason, a 2 (RD versus no RD) x 2 (MD versus no MD) design instead of 
analyses with the four groups (control, RD, MD and RD+MD), was chosen.  A significant 
interaction between the RD and MD factor provides evidence for the underadditivity 
hypothesis, whereas no interaction-effect points in the direction of RD+MD as an 
additive combination of RD and MD (Willcutt et al., 2005).  Post hoc tests (Bonferroni) 
were conducted when significant main - and interaction effects were found. 
RESULTS 
Correlations 
As shown in Table 2, all correlations with intelligence and measures of the 
Go/no-go tasks were < .30.  The same was true for correlations with age and measures 
of the Go/no-go tasks, meaning that these variables only explained a very limited part of 
the variance.  Hence controlling for these variables seems not appropriate. 
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Commission Errors  
A significant main effect of the within-subjects factor modality (i.e., pictures, 
letters or digits) was found (F(2,107) = 11.07, p < .001, ŋ2 = .17).  Contrasts revealed that 
all children made more commission errors in the symbolic letter modality than in the 
non-symbolic picture modality (p = .002) and less commission errors in the symbolic digit 
modality than in the symbolic letter modality (p =.009).  There were no significant main 
effects for the between-subjects factors RD (F(1,108) = 0.16, p = .689) and MD (F(1,108) 
= 0.64, p = .426).  The interaction effect RD*MD was not significant neither (F(1,108) = 
2.06, p = .154).  There was a significant interaction-effect between the within-subjects 
factor modality and the between-subjects factor RD (F(2,107) = 3.24, p = .043, ŋ2 = .06).  
Finally, a trend was found for the interaction effect of MD and modality (F(2,107) = 2.76, 
p = .068, ŋ2 = .05) and for the three-way interaction RD*MD*modality (F(2,107) = 2.66, p 
= .080, ŋ2 = .05).  Children with RD obtained significantly more commission errors in the 
symbolic letter - (p = .003) and digit modality (p = .009) compared to the non-symbolic 
picture modality.  Children with RD+MD made significantly less commission errors in the 
digit modality than in the letter modality (p = .021).  Post hoc tests revealed only a trend 
of a difference between the RD group and the RD+MD group on the digit modality (p = 
.090).  Means and standard deviations of commission errors are presented in Table 3. 
Mean Reaction Time  
A significant main effect of MRT was found (F(2,107) = 15.30, p < .001, ŋ2 = .22).  
All children were significantly faster in the non-symbolic picture condition than in the 
symbolic letter - (p < .001) and digit conditions (p < .001).  Moreover, there was a 
significant main effect of RD (F(2,107) = 7.70, p = .007, ŋ2 = .07), children with RD 
performed significantly slower than children without RD on all modalities (p = .020).  No 
significant main effect of MD (F(1,108) = 0.28, p = .599) and no interaction effect of MD 
and RD (F(1,108) = 0.91, p = .342) were found.  There was no significant interaction 
effect between the within-subjects factor modality and the between-subjects factor RD 
(F(2,107) = 1.08, p = .344); neither was there a three-way effect of RD, MD and modality 
(F(2,107) = 0.37, p = .691).  However, a significant interaction-effect was found between 
modality and MD (F(2,107) = 3.72, p = .027, ŋ2 = .07).  Children with specific MD were 
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faster on the non-symbolic picture modality than on both symbolic tasks, namely in the 
letter – (p < .001) and the digit modality (p < .001).  The same was true for children with 
RD+MD (p = .001 and p = .002, respectively).  Post hoc analyses revealed that the 
RD+MD group was significantly slower than the control group on both symbolic tasks, 
namely in the letter - (p = .023) and the digit modality (p = .018).  A trend was found for 
a slower performance of children with RD in comparison with control children on the 
non-symbolic picture - (p = .083) and the symbolic letter modality (p = .063).  Means and 
standard deviations of MRT are presented in Table 3. 
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DISCUSSION 
Behavioral Inhibition Deficit 
A first purpose of this study was to examine if children with RD, children with MD 
and children with RD+MD experienced deficits in behavioral inhibition.  Results 
concerning commission errors point in the direction of less adequate behavioral 
inhibition skills in children with RD, but not in children with MD.  Despite the small effect 
size, these RD findings are in line with several other studies (e.g., Purvis & Tannock, 
2000; Willcutt et al., 2005).  For instance, the study of Purvis and Tannock (2000) 
revealed that elementary school children with RD had a slower stop signal reaction time 
in comparison to control children.  Our MD results are in congruence with e.g., 
Censabella and Noel (2008), who did not find any differences between children with MD 
and control children on measures of behavioral inhibition. 
Modality-specific versus Domain-general and Symbolic versus Non-symbolic 
A second aim of this study was to investigate whether behavioral inhibition 
deficits were modality-specific or rather domain-general.  It was found that the RD 
group committed more commission errors in the symbolic letter and digit conditions 
than in the non-symbolic picture condition.  These results seem to be in line with other 
RD studies.  For instance, the study of van der Schoot et al. (2000) revealed a behavioral 
inhibition deficit on a letter version of the Stop-signal task in a subtype of children with 
RD, and Schmid et al. (2011) did not find any differences between the control children 
and children with RD on a picture version of this task.  However, in contrast with our 
findings and those of e.g., Schmid et al. (2011), a study of de Jong et al. (2009) revealed 
significant deficits on a picture version of the stop signal task.  These mixed results may 
partly be explained by the task impurity problem (Miyake et al., 2000).  Tasks measuring 
executive functioning, such as behavioral inhibition, always implicate other executive 
functions (e.g., working memory) or other lower cognitive processes and thus a lower 
score on an executive functioning task does not always implicate problems with 
executive functioning (van der Sluis, de Jong, & van der Leij, 2007).  These results 
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underline the need to control for this task impurity (e.g., Van De Voorde et al., 2010), as 
was done in our study by choosing for a task with only one go and one no-go stimulus. 
Analyses with the RT of correct go trials, revealed a main effect of RD.  Children 
with RD performed significantly slower on all modalities, indicating a domain-general 
response speed deficit.  Children with MD showed significantly faster performance on 
the picture condition than on the digit and the letter modality, which seems to indicate a 
symbolic or alphanumeric deficit in MD.  Our research replicated findings of children 
with MD suffering from deficits in symbolic number representation (Noël & Rouselle, 
2011).  It was found that children with MD did not suffer from a non-symbolic deficit in 
general, but these results did not allow us to conclude anything about non-symbolic 
number representation in children with MD (Butterworth, 1999).  Further research is 
advised.  
Concerning children with MD, results seem to point in the direction of a speed-
accuracy trade-off.  Children with MD made no more commission errors than control 
children and children with RD+MD made less commission errors in the digit than in the 
letter modality.  In contrast, their MRT was slower on the symbolic modalities than on 
the non-symbolic modality.  These findings suggest that children with MD slowed down 
their speed in order to make fewer errors.  MD studies on executive functioning 
revealed similar findings (e.g., Mazzocco & Kover, 2007).  This asks for further 
investigation.  
Cognitive Risk Factors 
The last aim of our research was to study if behavorial inhibition could be seen as 
a cognitive risk factor, underlying both RD and MD (Pennington, 2006).  A trend was 
found for a three-way interaction-effect between MD, RD and commission errors 
modality and thus indicated underadditivity in the comorbid group.  Interestingly, results 
revealed that children with RD+MD made less commission errors than children with RD.  
As a consequence, one can hardly speak of behavioral inhibition deficits as a shared 
cognitive risk factor.  
In contrast with the commission error analyses, analyses with the MRT revealed 
no significant three-way interaction-effect between RD, MD and the type of modality.  
Children with both RD and MD had a faster MRT on the non-symbolic picture modality 
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than on the symbolic digit and (to a lesser degree) the symbolic letter modality.  Besides 
this lack of an interaction-effect, MRT deficits were reported in children with RD as well 
as in children with MD.  Alphanumeric or symbolic deficits were reported in children 
with MD only, while domain-general impairments were found in children with RD.  In 
congruence with e.g., van der Sluis et al. (2004) and Pauly et al. (2011), the results of this 
study support the hypothesis of the comorbid group as an additive combination of RD 
and MD.  They might indicate that RD and MD have a distinct cognitive profile (Landerl, 
Fussenegger, Moll, & Willburger, 2009).  However, post hoc analyses revealed only 
differences between the control and the comorbid group.  Based on our research, it is 
not possible to explain this lack of results.  They might be due to our task, to the small 
sample with a risk of type 2 errors or just to the fact that the deficits in the isolated 
groups were too small to capture.   
Limitations and Future Directions 
Besides the limitations mentioned above, some others should be pointed out as 
well.  First, testing took place during three sessions, the first two sessions lasting up to at 
least one hour.  To avoid drop out, to minimize disinterest and extra efforts of both 
children and parents and to maximize their feelings of enthusiasm and well-being, all 
children were tested in a quiet room at home.  Hence, we did not have as much control 
of circumstances as we would have had if testing took place in a laboratory. 
Secondly, children were only referred to the RD+MD group if they scored below 
the 11th percentile or SS 6 on math and reading or spelling tests (Geary, 2011).  This 
indicates that some children of the specific MD group also had reading or spelling scores 
below the 25th percentile and some children of the specific RD group math scores below 
the 25th percentile.  However, analyses concerning reading, spelling and math scores 
revealed different profiles for all clinical groups (see Table 1).  Further research with 
more severe selection criteria would be enlightening. 
Thirdly, picture-, letter- and digit modality were tested in fixed order.  This 
decision was made to minimize the possible influence of automatisation problems 
children with learning disabilities often suffer from (e.g., Geary, 2004).  Almost all 
children considered the first condition (picture modality) as the hardest, while overall, 
their performance on this condition was the best.  However, the (small) differences 
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marked between the digit and the letter conditions may partly be due to a learning 
effect.  Future research with counterbalanced tasks is hence advised. 
Finally, as mentioned above, all participants were well screened and children 
with disorders other than RD, MD or RD+MD were excluded from this study.  However, 
14 parent versions and 30 teacher versions of the DBD rating scale were missing. 
Although none of these parents mentioned that their children suffered from ADHD, 
these missing rating scales might have influenced our results to some extent. Screening 
allows one to get a (much) clearer and more pure view on the topic by isolating the 
problem, but the screening of this study reached some limits as well.  We were not able 
to control for the possible co-occurrence of other undiagnosed disabilities.  For instance, 
one out of four children with learning disabilities suffers from motor problems (Pieters 
et al., 2012), but due to practical restrictions, only parent questionnaires were used to 
assess this topic.  Despite the fact that our results are in line with many other studies 
(e.g., D'Amico & Passolunghi, 2009; Purvis & Tannock, 2000), we cannot completely rule 
out that the absence of comorbid undiagnosed motor or other problems might have 
influenced (MRT) results.  
Conclusion 
Overall, this study showed small symbolic or alphanumeric behavioral inhibition 
deficits in children with RD, but no inhibition problems in children with MD.  Hence, 
behavioral inhibition cannot be seen as a shared cognitive risk factor. In addition, 
indications were found for symbolic or alphanumeric response speed deficits in MD and 
domain-general response speed deficits in RD.  No significant interaction-effects were 
found between RD and MD, suggesting that problems in children with RD+MD are just 
the additive combination of the impairments in children with RD and MD.   
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NAMING SPEED IN CHILDREN 
WITH LEARNING DISABILITIES 1  
ABSTRACT 
Children with reading disabilities (n = 31), mathematical disabilities (n = 28), combined 
reading and mathematical disabilities (RD+MD, n = 47) and control peers (n = 55) were 
tested on naming speed of digits, quantities, words and colors.  In comparison with 
children without RD, children with RD appeared to have a domain-general naming speed 
problem with significantly slower results on all naming speed tasks.  Children with MD 
were only slower on the quantity naming speed task in comparison with children 
without MD, suggesting that one of the underlying problems of MD may be related to 
the processing of non-symbolic numerical information.  We did not find a significant 
interaction-effect between RD and MD or a significant three-way interaction effect 
between RD, MD and modality.  Hence, our results support the hypothesis of the 
comorbid group as an additive combination of RD and MD.  Implications for future 
research and clinical practice are discussed. 
  
                                                          
1
 Based on De Weerdt, F., Desoete, A., & Roeyers, H. (submitted). Naming speed in children with learning 
disabilities. Learning and Instruction 
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INTRODUCTION 
Naming Speed in Children with Reading Disabilities 
 Being able to rapidly recognize words by sight and hence to read efficiently, is 
crucial for daily life functioning (Schatschneider & Torgesen, 2004).  Adequate reading 
skills are required everywhere in our computer-literate society (Katzir et al., 2006).  
However, between 5-12% of children suffer from reading disabilities (RD; Schumacher, 
Hoffmann, Schmal, Schulte-Korne, & Nothen, 2007).  RD can be defined as persisting 
impairments in reading and/or spelling abilities, at a level that remains significantly 
below expected given the age, and despite good instruction, and that are not explained 
by extraneous factors, such as sensory deficits (Schatschneider & Torgesen, 2004; 
Vellutino, Fletcher, Snowling, & Scanlon, 2004).  The main part of RD researchers 
considers phonological processing as core problem of RD (e.g., Vellutino et al., 2004).  In 
this view, naming speed is seen as one of the impaired phonological processes (Vellutino 
et al., 2004).  In contrast with this view and based on findings of for instance Denckla 
and Rudel (1976), Wolf and Bowers (1999) proposed the double–deficit hypothesis.  This 
hypothesis states that deficits in phonological processes and impairments in naming 
speed have to be considered as two separate causes of RD (Wolf, Bowers, & Biddle, 
2000).  Findings are mixed and under considerable debate.  As a consequence, the 
relationship between naming speed and phonological processes needs further 
investigation (Vukovic & Siegel, 2010).  Naming speed can be defined as those processes 
that underlie the rapid recognition and retrieval of visually presented linguistic stimuli 
(Wolf and Bowers, 1999) or as the ability to quickly recognize and name a restricted set 
of serially presented high frequency symbols, objects or colors (Heikkila, Narhi, Aro, & 
Ahonen, 2009; McGrath et al., 2011); and is often measured by a task based on the 
Rapid Automatized Naming paradigm of Denckla and Rudel (1974).  Naming speed is 
often considered as a window on how rapid visual-verbal connections are made during 
reading processes (Wolf & Bowers, 1999) having a rate-limiting factor in common with 
the quality and accessibility of orthographic representations of words established in the 
lexicon during reading acquisition (Savage, Pillay, & Melidona, 2007).  Hence, it is not 
surprising that clear evidence was found for naming speed impairments in children with 
RD (e.g., Willburger, Fussenegger, Moll, Wood, & Landerl, 2008).  Several studies 
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reported domain-specific symbolic or alphanumeric naming speed deficits in children 
with RD (e.g., McGrath et al., 2011; van der Sluis, de Jong, & van der Leij, 2004).  For 
instance, Savage et al. (2005) found that number naming speed discriminated children 
with RD from control children.  Both groups were between 7 and 10 years old.  However, 
other studies found domain-general instead of domain-specific impairments (e.g., 
Landerl, Bevan, & Butterworth, 2004; Van De Voorde, Roeyers, Verté, & Wiersema, 
2010; Willburger et al., 2008).  A study of Denckla and Rudel (1976) in children between 
7 and 11 years old, revealed how naming speed of colors, objects, letters and numbers 
could differentiate the RD group from the control group.  To conclude, the debate on 
domain-general versus modality-specific naming speed problems in children with RD 
remains unresolved, as is the discussion about the relationship between naming speed, 
spelling and reading (Vukovic & Siegel, 2006).  The present study aims to add some data 
in this debate.   
Naming Speed in Children with Mathematical Disabilities 
Mathematical disabilities (MD) are defined in exactly the same way as RD, but 
concerning persisting deficits in mathematical skills (Landerl et al., 2004).  Most 
researchers currently report a prevalence of approximately 7% of children (Geary, 2011).  
Impairment in numerosity processing has been considered a core deficit underlying MD 
(Butterworth, 1999, 2005; Dehaene, Piazza, Pinel, & Cohen, 2003; Rousselle & Noel, 
2007; Wilson & Dehaene, 2007).  According to the triple code model (Dehaene et al., 
2003), there are three types of representations for numbers.  Two of them are symbolic 
and format-dependent: a visual Arabic number form (e.g., ‘5’) and a verbal word frame 
with number-words (e.g., ‘five’).  One is non-symbolic and format-independent: the 
analogue magnitude representation (e.g., five dots).  Although it is generally agreed that 
children with MD may suffer from deficits in number representation (Butterworth, 
1999), there is some discussion about if these problems are symbolic or non-symbolic in 
nature (Noel & Rousselle, 2011).  Whereas Butterworth (1999, 2005) proposes that an 
inborn core deficit in the number module (i.e., a capacity specialized for recognizing and 
mentally manipulating numerosities; Butterworth, 1999) underlies MD, Rousselle and 
Noel (2007) assume that children with MD rather experience problems with accessing 
numerical meaning from symbols than with processing numerosity.  Both hypotheses 
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assume that these underlying deficits would be responsible for domain-specific naming 
speed problems (e.g., Landerl et al., 2004; Pauly et al., 2011).  Evidence was for instance 
provided by van der Sluis et al. (2004), who investigated elementary school children and 
found that children with MD performed slower on naming speed of quantities and 
numbers, but not on naming speed of letters and objects.  However, contra-indication 
for the domain-specificity of naming speed problems in children with MD was reported 
as well, since several MD studies have found more general naming speed problems (e.g., 
Geary, 2011; Temple & Sherwood, 2002).  For instance, D'Amico and Passolunghi (2009) 
found slower naming speed on both numbers and letters in 9 year old children with MD 
in comparison with age-matched control children.  In addition, research on math 
abilities has also revealed a general relationship between math computation skills and 
naming speed (Hecht, Torgesen, Wagner, & Rashotte, 2001).  Hence, not only the 
discussion about the relationship between naming speed and mathematics remains 
unresolved, but it is also unclear if naming speed problems are related to a deficit in 
numerosity processing or if the problems are more general.   
Comorbidity 
It is estimated that between 3.4% (Badian, 1999) and 7.6% (Dirks et al., 2008) of 
the population suffers from both RD and MD.  Although RD frequently co-occur with 
MD, only few RD studies have taken mathematics into account (Swanson, Zheng, & 
Jerman, 2009; Vukovic, Lesaux, & Siegel, 2010).  The same is true for spelling and 
reading in MD research (e.g., Fuchs & Fuchs, 2002; Swanson & Jerman, 2006).  Some of 
the inconsistent results concerning naming speed in children with RD or MD may be 
explained by differences between children with specific and combined learning 
disabilities (Landerl & Moll, 2010).  Research on naming speed in children with specific 
RD, specific MD, as well as combined reading and mathematical disabilities (RD+MD) is 
rare (Willburger et al., 2008).  
Since cognitive deficits in RD and MD are heterogeneous (Rubinsten & Henik, 
2009), the emerging etiological models for both RD and MD are considered to be 
multifactorial (Pennington, 2006).  Learning disabilities appear to be the result of 
interplay between both general and disorder-specific risk factors (Landerl & Moll, 2010).  
However, there is still no consensus on which risk factors are general and which are 
NAMING SPEED IN CHILDREN WITH LEARNING DISABILITIES 
 
163 
 
disorder-specific.  Naming speed deficits were reported both in children with RD and 
with MD.  For RD as well as for MD, it remains unclear if these deficits are modality-
specific (e.g., van der Sluis et al., 2004) or rather domain-general (e.g., D’Amico & 
Passolunghi, 2009; Willburger et al., 2008).  If the naming speed impairments appear to 
be domain-general in both disabilities, naming speed might be a shared cognitive risk 
factor (Pennington, 2006).  As a consequence, this study wants to investigate and 
compare naming speed in control children, children with RD, with MD and with MD+RD.  
If the naming speed deficits in MD are independent of the impairments in RD, then the 
RD+MD group would be nothing more than the sum or the additive combination of the 
deficits in each pure group (e.g., Landerl et al., 2004; Pauly et al., 2011; van der Sluis et 
al., 2004; Willburger et al., 2008 ).  In contrast, if underadditivity is the case, the 
comorbid group is supposed to perform at a similar level than the RD and the MD group 
(Shanahan et al., 2006). 
Aims of the Study 
It is not well understood yet if and how naming speed deficits are manifested in 
children with RD, MD or RD+MD.  This study wants to compare the performance of 
control children, children with RD, with MD and with RD+MD on naming speed 
measures, leading to the following research questions: 
1.  Are all modalities of naming speed correlated with reading, spelling and 
mathematics? 
2. Do children with RD only show symbolic alphanumeric naming speed problems?  
3. Do children with MD only show naming speed problems related to numerosity 
processing? 
4. Is naming speed performance in children with RD+MD the additive combination 
of naming speed performance in children with MD and in children with RD? 
  
CHAPTER 6 
 
164 
 
METHOD 
Participants  
Four groups of children between 8 and 12 years old participated in this study: 
control children from third to sixth grade of regular elementary schools and children 
diagnosed with RD, MD or RD+MD referred by school psychologists or logopedics .  All 
children with learning disabilities were diagnosed by a recognized therapist or in a 
specialized center.  Parents, who had given their child permission to participate, 
completed questions about previous diagnoses or other (medical) problems their child 
suffered from.  Only native Dutch-speaking children from regular elementary schools 
with an average intelligence above 80 and without reported histories of sensory 
impairment, brain damage, a chronic medical condition, insufficient instruction, serious 
emotional or behavioral disturbance or developmental disorders, such as behavior 
motor problems, autism or ADHD were included.  To control for ADHD, children who 
achieved a (sub) clinical score on both the parent and teacher version of the Disruptive 
Behavior Disorder (DBD) rating scale (Pelham, Gnagy, Greenslade, & Milich, 1992; Dutch 
translation: Oosterlaan et al., 2008) were eliminated from the study. 
All children were tested on math-, reading - and spelling measures to control if 
criteria for the control group, the RD group, the MD group or the RD+MD group were 
met.  If that was not the case, they were excluded from the study.  Control children had 
to achieve a score above the 25th percentile on all math and spelling tests and at least 
standard score (SS) 8 on all reading tests.  In congruence with Geary (2011) referred 
children with MD had to score below the 11th percentile on at least one of the frequently 
used standardized math tests, measuring mental arithmetic and number knowledge 
(procedural skills) and fact retrieval.  Children with RD had to achieve a score below the 
11th percentile on a spelling test and/or below SS6 on at least one of the reading tests, 
measuring word reading speed and pseudoword reading.  Children with RD+MD had to 
score below the 11th percentile on at least one math test and below the 11th percentile 
(spelling) or SS 6 (reading) on at least one spelling- or reading test (Dirks, Spyer, van 
Lieshout, & de Sonneville, 2008; Murphy, Mazzocco, Hanich, & Early, 2007). 
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The final sample consisted of 55 control children, 31 children with RD, 28 children 
with MD and 47 children with RD+MD.  Mean age was 10 years, 6 months.  Subject 
characteristics are presented in Table 1. 
Table 1 
Subject Characteristics of the Whole Sample 
 
Characteristic 
Control (n = 55) RD (n = 31) MD (n = 28) RD+MD (n =47) 
M (SD) M (SD) M (SD) M (SD) 
Age in months 
Male : female 
IQ 
Z-score TTR 
Z-score KRT-R 
Z-score PI 
Z-score EMT 
Z-score Klepel 
119.96 (11.02) 
25:30a 
108.58 (9.85)a 
0.84 (0.63)a 
0.82 (0.36)a 
0.89 (0.40)a 
0.92 (0.62)a 
0.81 (0.62)a 
120.55 (10.33) 
19:12ab 
105.77 (9.17)a 
-0.22 (0.59)b 
0.41 (0.55)b 
-0.90 (0.50)c 
-0.80 (0.39)c 
-0.88 (0.47)b 
120.07 (10.82) 
7:21ac 
95.68 (8.50)b 
-0.20 (0.77)b 
-1.03 (0.61)c 
0.44 (0.50)b 
0.46 (0.69)b 
0.53 (0.81)a 
121.38 (11.45) 
17:30ac 
97.11 (9.26)b 
-1.00 (0.79)c 
-1.04 (0.69)c 
-1.04 (0.76)c 
-1.00 (0.72)c 
-1.01 (0.54)b 
Note. RD = reading disabilities; MD = mathematical disabilities; RD+MD = reading- and 
mathematical disabilities; TTR = Arithmetic Number Facts Test (fact retrieval); KRT-R = Kortrijk 
Arithmetic Test Revision (procedural mathematical skills); PI = Paedological Institute-dictation 
(spelling); EMT = One Minute Reading Test (word reading speed).  
a,b,c post hoc indices at p < .01. 
Measures 
IQ, mathematics, reading and spelling measures.  We calculated an estimated 
IQ, using an abbreviated version of the Dutch WISC-III (Wechsler et al., 2005).  This 
shortened version is recommended by Grégoire (2000), has a high correlation (r = .93) 
with Full Scale IQ (Kaufman, Kaufman, Balgopal, & McLean, 1996) and consists of four 
subtests: Vocabulary, Similarities, Picture Arrangement and Block Design.  
In order to obtain a complete overview of the mathematical abilities of children, 
two math tests were used.  The Arithmetic Number Facts Test (Tempo Test Rekenen, 
TTR; De Vos, 1992) is a numerical facility test consisting of five subtests with arithmetic 
number fact problems: addition, subtraction, multiplication, division and mixed 
exercises.  Children have to solve as many items as possible in five minutes; they can 
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work one minute on every colon.  The TTR is a standardized test that is frequently used 
in Flemish education as a measure of number fact retrieval (e.g., Stock, Desoete, & 
Roeyers, 2010). 
The Kortrijk Arithmetic Test Revision (Kortrijkse Rekentest Revisie, KRT-R; 
Baudonck et al., 2006) is a standardized test on mathematical achievement which 
requires that children solve mental arithmetic and number knowledge tasks.  The KRT-R 
is frequently used in Flemish education as a measure of procedural mathematical skills 
(e.g., Stock et al., 2010).  In TTR and KRT-R, raw scores were the numbers of correct 
items and were converted in percentile- and z-scores.  All z-score conversions were 
based on the entire sample. 
Furthermore, all children were tested with standardized Dutch reading and 
spelling measures.  Word reading speed or fluency was assessed by the One Minute 
Reading Test (EMT; Brus & Voeten, 1999) and pseudoword reading by the Klepel (Van 
den Bos, Spelberg, Scheepstra, & de Vries, 1994).  Both reading tests consist of lists of 
116 unrelated words. Children are instructed to read as many words as possible in one 
(EMT) or two minutes (Klepel) without making errors.  On both tests, the raw scores 
were the numbers of words read correctly.  These raw scores were then converted into 
SS (mean: 10, SD: 3) and z-scores, based on the entire sample. 
Spelling was assessed with Paedological Institute-dictation (PI-dictation; 
Geelhoed & Reitsma, 2000), a Dutch standardized test in which children have to write 
down the repeated word from each sentence.  The test consists of nine blocks of 15 
words.  Each block has a higher difficulty level and testing is stopped once a child made 
seven or more errors in a block.  Raw score was the number of words spelled correctly 
and was converted in a percentile- and z-score. 
Naming speed measures.  All naming speed tasks were based on the rapid 
automatic naming paradigm of Denckla and Rudel (1974).  Each task contained 30, 
pseudo-randomly ordered trials and used four different stimuli.  Each stimulus appeared 
approximately equally often, but never twice in succession.  In the first naming speed 
task, people were asked to read color names written in black ink, as a rough indication 
of reading ability (van Mourik, Oosterlaan, & Sergeant, 2005).  Word naming was chosen 
instead of letter naming since it was argued by D’Amico and Passolunghi (2009) that 
letter naming is less automatized in elementary school children than is naming of high 
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frequency words and digits.  Secondly, naming speed of colors was measured by 
visualized colored rectangles (based on Stroop, 1935, e.g., Miyake et al., 2000).  For the 
word and color naming speed tasks, the stimuli were red, green, blue and yellow.  
Thirdly, one was asked to read the digits that appeared in the middle of the screen (e.g., 
Geary, 2011; Hecht et al., 2001).  Finally, the last naming speed task concerned the 
naming of the quantity of rectangles (based on Bull & Scerif, 2001).  For the naming 
speed tasks concerning numbers and quantities, the stimuli ranged from one to four.  
Only numbers and quantities up to four were used to make sure that children could 
subitize instead of counting (Lee, Ng, & Ng, 2009).  A voice key was used to measure 
reaction time (RT). 
Tasks were programmed in Affect 4.0 (Hermans, Clarysse, Baeyens, & Spruyt, 
2005) and presented on a desk top, the CRT screen was placed in front of the participant 
(refresh rate: 75 Hertz).  In each trial, a black fixation cross (Arial, pt. 28) appeared in the 
middle of the white screen during 500ms and was followed by the stimulus (Arial, pt. 48 
for all numbers and words), which remained until the child verbally reacted (see Figure 1 
for a presentation of the tasks).  After the voice key was triggered, the experimenter 
putted in if the answer was (in)correct by pressing a key on the keyboard and as such 
activated the next item (Landerl et al., 2004).  In order to effectively eliminate confusion 
in children with RD, all instructions were presented to the participants both in a 
visualized and verbal modality (Smith-Spark & Fisk, 2007; Vukovic et al., 2010).  Sound 
was presented via two speakers located at the left- and right side of the screen.  Before 
the start of each new task, five practice items were administered to ensure that the 
participants understood the task instructions and that the voice key sensitivity was 
adjusted.  Children were asked to respond as quickly and accurately as possible.  Mean 
RT and percentage of error were calculated for all tasks separately.  Since accuracy was 
very high on all tasks, errors were not analyzed. 
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Figure 1. Visualization of the naming speed tasks 
 
 
  
500 ms Max 5000 ms 
500 ms Max 5000 ms 
500 ms Max 5000 ms 
500 ms Max 5000 ms 
Naming speed tasks: naming speed of numbers, quantities, words and colors 
red 
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Procedure 
Data Collection.  All children were tested by a trained researcher in a quiet room 
at home for three different sessions.  To maximize vigilance and persistence in 
completing tasks, breaks were included.  During the first session, tests were used to tap 
mathematics and spelling.  In the second session, reading and intelligence were 
measured.  During the last session, naming speed tasks were administered. 
Datatrimming, missing data and outlieranalysis.  For each participant, all RTs 
less than 150ms were eliminated, as were all RTs from voice key - or other errors.  This 
affected no more than 4% of the trials for any measure.  At the sample level, both RT 
and accuracy measures exceeding the group mean by 3 SDs were replaced by values 3 
SDs from the group mean (Friedman & Miyake, 2004).  In all of the tasks, the percentage 
of outliers was maximum 2.48%.  Missing values were replaced by the group mean.  In 
the number and the quantity naming speed task, this was the case for 2.48%, in the 
word naming speed task for 3.73%, and in the color naming speed task for 4.35%.  
Statistical analyses.  Since assumptions of normality and homogeneity were not 
met, analyses were conducted with logarithmic transformations (log10) of the RT-
variables (Tabachnick & Fidell, 2007).  To investigate the relationship between reading, 
spelling, mathematics and naming speed, correlations were calculated.  In addition, 2 
(RD versus no RD) x 2 (MD versus no MD) x 4 (number-, quantity-, word- and color 
naming speed) factorial repeated measures analyses were carried out to examine task 
performance in control children and children with learning disabilities.  Multivariate 
analyses of variance (MANOVAs) for repeated measures were executed to test the effect 
of stimulus modality on task performance of the groups.  Analyses with the four groups 
(control, RD, MD and RD+MD) do not inform us about the interaction-effect between RD 
and MD and hence cannot offer specific information about naming speed as a cognitive 
risk factor.  For this reason, a 2 (RD versus no RD) x 2 (MD versus no MD) design instead 
of analyses with the four groups (control, RD, MD and RD+MD), was chosen.  A 
significant interaction between the RD and MD factor provides evidence for the 
underadditivity hypothesis, whereas no interaction-effect points in the direction of 
RD+MD as an additive combination of RD and MD (Willcutt, Pennington, Olson, 
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Chhabildas, & Hulslander, 2005).  Post hoc tests (Bonferroni) with the four groups were 
conducted when significant main - and interaction effects were found.  
RESULTS 
Correlations 
As shown in Table 2, all correlations with intelligence, naming speed and interference 
control tasks were < .30.  The same was true for correlations with age, naming speed 
and interference control measures, meaning that these variables only explained a very 
limited part of the variance.  Hence, controlling for these variables seems not 
appropriate.  In addition, since Table 1 reveals gender differences between the RD group 
and the MD and RD+MD groups, all repeated measures analyses were also conducted in 
control of gender.  However, they revealed similar results.  For this reason, they will not 
be reported here.  
Table 2 
Correlations between Intelligence, Age and Naming Speed 
 Age Intelligence NS Numbers NS Quantities NS Words 
Age 
Intelligence 
NS Numbers 
NS Quantities 
NS Words 
NS Colors 
- 
-.00 
-.21 
-.20 
-.10 
-.10 
- 
- 
-.13 
-.18 
-.11 
-.23* 
- 
- 
- 
.75* 
.57* 
.45* 
- 
- 
- 
- 
.56* 
.53* 
- 
- 
- 
- 
- 
.59* 
Note. NS = naming speed.  
* p < .008 (after Bonferroni adjustment) 
Table 3 shows the correlations between performance on reading, spelling or 
math tasks and performance on naming speed tasks.  
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Reading and spelling.  The correlations between naming speed of words and 
reading fluency (r = -.43, p < .001), pseudoword reading (r = -.38, p < .001 ) and spelling 
(r = -.42, p < .001 ) respectively were significant.  The correlations between quantity 
 
CHAPTER 6 
 
172 
 
naming speed and reading fluency (r = -.37, p < .001 ), pseudoword reading (r = -.28, p 
< .001 ) or spelling (r = -.35, p < .001 ) were found to be significant as well, as were the 
correlations between naming speed of colors and reading fluency (r = -.28, p < .001), 
pseudoword reading (r = -.23, p = .004) and spelling (r = -.30, p < .001).  Concerning 
naming speed of numbers, a significant correlation was only found for spelling (r = -.27, 
p < .001).  
Mathematics.  The correlations between naming speed of quantities and fact 
retrieval and between naming speed of quantities and procedural mathematical skills 
were significant, r = -.42, p < .001 and r = -.26, p = .001, respectively.  In addition, we 
found a significant correlation between naming speed of numbers and fact retrieval (r = 
-.30, p < .001), between naming speed of words and fact retrieval (r = -.33, p < .001) and 
between naming speed of colors and fact retrieval (r = -.28, p < .001).  
Repeated Measures 
A significant main effect of the within-subjects factor naming speed (i.e., 
numbers, quantities, words or colors) was found (F(3,155) = 91.90, p < .001, ŋ2 = .64).  
Contrasts revealed that all children were slower in naming colors than in naming 
quantities (p < .001), numbers (p < .001) and words (p < .001).  In addition, all children 
were slower in naming quantities than in naming numbers (p < .001) and words (p 
< .001).  Moreover, there was a significant main effect of RD (F(1,157) = 25.83, p < .001, 
ŋ2 = .14), children with RD had a significantly slower naming speed than children without 
RD.  Both the main effect of MD and the interaction effect of RD and MD were not 
significant, respectively F(1,157) = 0.02, p = .887 and F(1,157) = 0.06, p = .802.  A trend 
was found for the interaction effect of RD and naming speed (F(3,155) = 2.13, p = .098, 
ŋ2 = .04).  Finally, there was a significant interaction-effect between the within-subjects 
factor naming speed and the between-subjects factor MD (F(3,155) = 4.66, p = .004, ŋ2 
= .08).  A trend was found for slower naming speed of quantities in children with MD 
than in children without MD (p = .054).  Contrasts showed that children with specific MD 
had a slower naming speed of quantities (p < .001) and colors (p < .001) in comparison 
with their naming speed of numbers.  In accordance, they performed slower on naming 
speed of quantities (p < .001) and colors (p < .001) than on naming speed of words.  
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Children with specific MD were faster in naming words than in naming numbers (p 
= .007).  Except that no differences could be found between naming speed of words and 
of numbers (p = .415), contrasts revealed similar results for children with RD+MD (p 
< .001).  Means and standard deviations of RT of naming speed are plotted in Figure 2 
and presented in Table 4.  
 
Figure 2. Plotted mean reaction (MRT) of number, quantity, word and color naming speed tasks 
of the control group, the group with reading disabilities (RD), the group with mathematical 
disabilities (MD) and the comorbid group (RD+MD). 
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DISCUSSION 
The Relationship between Naming Speed, Reading, Spelling and Mathematics 
A first aim of this study was to investigate if all modalities of naming speed 
correlated with reading, spelling and mathematics.  Correlations between naming speed 
and spelling and reading were significant but low.  In addition, the correlations between 
fact retrieval and naming speed of quantities, words and numbers also only explained a 
limited part of the variance.  Moreover, correlations between procedural skills and 
naming speed revealed only a significant effect for quantity naming speed.  Although all 
correlations were low and hence ask for a careful interpretation, these findings might 
indicate that naming speed is not just restricted to phonological processes, but also 
involves other ones, such as perceptual processes (as suggested by Wolf and Bowers, 
1999).  If naming speed was restricted to these processes, one could at least expect a 
high relationship between pseudoword reading, which relies strongly on phonological 
decoding, and naming speed.  However, we  only found a low correlation between 
pseudoword reading and naming speed.  Moreover, while the correlations between the 
other naming speed tasks were only modest, a stronger correlation was found between 
naming speed of quantities and numbers, indicating that both tasks might rely to an 
important extent on the same underlying processes.   
Naming speed of quantities is related with mathematics as well as with reading 
and spelling.  Similar results were found for naming speed of words and fact retrieval, 
reading and spelling.  Although further investigation is required, these results might to 
some extent point in the direction of naming speed as a shared ability among reading, 
spelling and mathematics to retrieve fluently verbal or visual–verbal associations from 
long-term memory (Koponen, Aunola, Ahonen, & Nurmi, 2007).   
Modality-specific versus Domain-general Naming Speed Problems 
In addition, we wanted to know whether naming speed deficits in children with 
RD or MD were domain-specific.  Results seem to indicate domain-general naming speed 
problems in children with RD: they were slower than children without RD on naming 
speed of words, numbers, quantities and colors (Wolf & Bowers, 1999; Wolf et al., 
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2000).  These findings are in contrast with McGrath et al. (2011), but in congruence with 
for instance Denckla and Rudel (1976), and Landerl et al. (2004).  
Our results seem to support the hypothesis of a domain-specific problem in the 
processing of non-symbolic numerical information in children with MD (Butterworth, 
1999, 2005; Dehaene et al., 2003; Wilson & Dehaene, 2007).  Analyses revealed an 
interaction effect between the type of naming speed task and MD and showed a trend 
(p = .054) for slower quantity naming speed in children with MD than in children without 
MD.  Hence, results are in line with for instance Willburger et al. (2008).   
Comorbidity: Naming Speed Performance in Children with RD+MD 
Another objective of our research was to study if naming speed could be seen as 
a cognitive risk factor, underlying both RD and MD (Pennington, 2006).  It was found 
that children with RD showed general naming speed problems in comparison with 
children without RD and children with MD showed slower quantity naming speed than 
children without MD.  However, we did not find a significant three-way interaction-
effect between MD, RD and naming speed.  Hence, in congruence with e.g., Pauly et al. 
(2011); van der Sluis et al. (2004), and Willburger et al. (2008), the results of this study 
support the hypothesis of the comorbid group as an additive combination of RD and MD.  
They might indicate that RD and MD have a distinct cognitive profile (Landerl et al., 2009) 
for at least naming speed.  Post hoc analyses revealed that naming speed of children 
with RD+MD was similar to naming speed of children with RD and to number and color 
naming speed of children with MD.  Except for color naming speed, control children 
performed faster than children with RD+MD.   
Limitations  
This study suffered from some limitations .  First, testing took place during three 
sessions, the first two sessions lasting up to at least one hour.  To avoid drop out, to 
minimize disinterest and extra efforts of both children and parents and to maximize 
their feelings of enthusiasm and well-being, all children were tested in a quiet room at 
home.  Hence, we did not have as much control of circumstances as we would have had 
if testing took place in a laboratory. 
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Secondly, our sample was not matched on gender, intelligence and age.  
Moreover, children were only referred to the RD+MD group if they scored below the 
11th percentile or SS 6 on math and reading or spelling tests (Geary, 2011).  This 
indicates that some children of the specific MD group also had reading or spelling scores 
below the 25th percentile and some children of the specific RD group math scores below 
the 25th percentile.  However, except for fact retrieval, all analyses concerning reading, 
spelling and math scores revealed different profiles for all clinical groups (see Table 1).   
In addition, instead of presenting different kind of stimuli together in one block 
(e.g., Censabella & Noel, 2005), each task consisted of a particular kind of stimulus (e.g., 
Hecht et al., 2001; Landerl et al., 2004).  This may have affected the results to some 
extent.  
Finally, as mentioned above, all participants were well screened and children 
with disorders other than RD, MD or RD+MD were excluded from this study.  However, 
18 parent versions and 37 teacher versions of the DBD rating scale were missing.  
Although none of these parents mentioned that their children suffered from ADHD, 
these missing rating scales might have influenced our results to some extent.  For this 
reason, we left all the children with missing rating scales out of the sample and 
conducted all analyses again.  Similar results were found.  
Screening allows one to get a clearer and more pure view on the topic by 
isolating the problem, but the screening of this study reached some limits as well.  We 
were not able to control for the possible co-occurrence of other undiagnosed 
disabilities.  For instance, one out of four children with learning disabilities suffers from 
motor problems (Pieters et al., 2012), but due to practical restrictions, only parent 
questionnaires were used to assess this topic.  Despite the fact that our results are in 
line with many other studies (e.g., D'Amico & Passolunghi, 2009; Purvis & Tannock, 
2000), we cannot completely rule out that the absence of comorbid undiagnosed motor 
or other problems might have influenced our results. 
Implications and Future Directions 
In the first place, the finding that children with RD suffer from domain-general 
naming speed problems may have some implications for clinical practice.  It will be 
important to test children diagnosed with RD on naming speed.  Children with RD and 
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naming speed problems may need far more time to practice than other children before 
they are able to recognize a word based on the orthographic pattern (Wolf et al., 2000).  
In contrast, the naming speed problems of children with MD may be caused by a 
domain-specific deficit in numerical processing.  This might suggest one should provide 
interventions to improve numerical processing (Wilson & Dehaene, 2007) or at least 
learn children with MD to coop with this underlying deficit.  Despite the fact that naming 
speed did not appear to be a shared cognitive risk factor, it still remains important - in 
clinical practice as well as in learning disabilities research - to test mathematical skills of 
children with RD, and spelling and reading skills in children with MD, since both 
disorders frequently co-occur (Shalev et al., 2000).  Based on the high comorbidity 
between RD and MD, it seems quite plausible that RD and MD share another cognitive 
risk factor than naming speed.  Further research is advised. 
Conclusion 
Overall, this study showed domain-general naming speed problems in children 
with RD in comparison with children without RD.  Children with MD were slower on the 
quantity naming speed task in comparison with children without MD, suggesting that 
MD is also a problem with the processing of non-symbolic numerical information 
(Butterworth, 1999).  Our results support the hypothesis of the comorbid group as an 
additive combination of RD and MD and might indicate that RD and MD have a distinct 
cognitive profile, at least for naming speed.  These findings may have some implications 
for clinical practice.  It may for instance be advised to test naming speed in children with 
RD, since these problems may slow down the automatization process of reading and 
spelling to an important degree. 
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GENERAL DISCUSSION  
ABSTRACT 
The principal objectives of this dissertation were to gain more insight into the modality-
specific or domain-general cognitive processes underlying reading disabilities (RD), 
mathematical disabilities (MD) and combined reading and mathematical disabilities 
(RD+MD) and into the relationship between RD and MD.  Working memory, behavioral 
inhibition, naming speed and interference control were investigated in control children, 
children with RD, with MD and with RD+MD.  In this final chapter, we provide an 
overview and a discussion of the main results of this doctoral dissertation.  In addition, 
limitations, future directions for research and implications for practice and research are 
discussed.  
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RECAPITULATION OF THE RESEARCH GOALS AND MAIN FINDINGS 
Main Aim of this Dissertation   
Several hypotheses have often been studied to identify the origins of reading 
disabilities (RD) and mathematical disabilities (MD) in children (e.g., Butterworth, 1999; 
Wolf & Bowers, 1999).  A deficit in working memory, inhibition or naming speed has 
been proposed to explain the problems in the underlying cognitive system that prevent 
children from developing age-adequate skills in RD (de Jong et al., 2009; Heikkilä, Narhi, 
Aro, & Ahonen, 2009; van der Schoot, Licht, Horsley, & Sergeant, 2000), MD (Bull & 
Scerif, 2001; Geary, Hoard, Byrd-Craven, Nugent, & Numtee, 2007; Passolunghi & Siegel, 
2004) and combined RD and MD (RD+MD; Pauly et al., 2011; van der Sluis, de Jong, & 
van der Leij, 2004; Willburger, Fussenegger, Moll, Wood, & Landerl, 2008).  However, 
there are studies not supporting the hypothesis of such deficits (e.g., Censabella & Noel, 
2005; Kibby, Marks, Morgan, & Long, 2004; Landerl, Bevan, & Butterworth, 2004).  Thus, 
the empirical pattern regarding which cognitive processes (working memory, inhibition, 
and naming speed) are impaired in children with RD, MD and RD+MD, is far from 
straightforward.  Available research is rather limited and inconclusive concerning these 
basic cognitive functions in children with learning disabilities.  In addition, although the 
comorbidity between RD and MD is higher than would be expected by chance, little is 
known about the question if children with RD, MD or RD+MD perform poorly on all 
working memory, inhibition, and naming speed tasks or if they have a domain-specific 
deficit related to tasks requiring simultaneous storage and processing of verbal or 
numerical information.  The principal objective of this dissertation was therefore to gain 
more insight into the (modality-specific or domain-general) cognitive processes 
underlying RD and/or MD and into the relationship between learning disabilities 
themselves.  To deal with this main aim, both longitudinal (Chapter 2) and cross-
sectional (Chapter 3 to 6) studies were conducted.  
Overview of the Main Findings 
 The aim of Chapter 2 was to study the persistence of mild MD (i.e., a percentile 
score < 25 on at least one math test) and the profiles of persistent (MD-p) and 
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inconsistent mild MD (MD-i).  Therefore, 13 children with MD and 13 control children 
matched on IQ, age and gender were tested from kindergarten until elementary school.  
At the age of 5, preparatory mathematical abilities were tested.  At the age of 6, 7 and 
10 years, mathematical skills were measured.  At the age of 10, reading, spelling and 
working memory skills were tested as well.  In line with Shalev, Manor, and Gross-Tsur 
(2005), results revealed that at the age of 10, 46% of the children did not suffer from MD 
anymore (i.e., MD-i), whereas 54% of the children still did (MD-p) at that age.  The 
number knowledge performance of the group with MD-i significantly improved year 
after year.  At the age of 10, differences between control children, children with MD-p 
and children with MD-i were found for fact retrieval, but not for mental arithmetics and 
number knowledge anymore.  Especially results concerning spelling, reading and 
working memory are of particular importance for this dissertation.  In the first place, five 
children with MD-p and one child with MD-i achieved a score below the 25th percentile 
(pc) on at least one reading or spelling test and all reading and spelling scores were 
significantly lower in those groups than in the control group.  Secondly, it was found that 
spelling and pseudoword reading classified 76.9% of the children correctly: 71.4% of the 
group with MD-p , 50% of the group with MD-i and 92.3% of the control group.  These 
findings clearly subscribe to the importance of assessing and taking reading and spelling 
into account in MD research.  Secondly, a working memory task of the phonological loop 
and of the central executive could categorize 71.4% of the group with MD-p, 66.7% of 
the group with MD-i and 84.6% of the control group correctly.  Working memory was 
the strongest predictor of both MD-p and MD-i, even stronger than the reading and 
spelling scores of the children.   
In Chapter 3, commonalities and differences in working memory performance of 
elementary school children with RD, MD, and RD+MD and control children were 
investigated.  In contrast with Chapter 2, in which we investigated children with mild MD 
(pc < 25 on at least one math test), from this chapter onwards, children with severe 
learning disabilities (i.e. who achieved a reading, spelling or math score < pc 10) were 
investigated. Besides investigating commonalities and differences in working memory 
performance, we also looked for a shared cognitive risk factor of MD and RD.  Clear 
differences were found between children with and without RD on all working memory 
components and between children with and without MD on measures of the 
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phonological loop and the central executive.  A significant interaction-effect between RD 
and MD was found for only one task of the central executive and had a very small partial 
effect size.  In addition, our findings indicated that a visuospatial and a central executive 
working memory task best predicted all learning disabilities.  These tasks could 
significantly distinguish between the control and clinical groups, and between the MD 
and RD+MD group.  Overall, all learning disabilities groups suffered from domain-general 
working memory problems in comparison with control children.  Differences between 
the clinical groups were less clear-cut and no evidence was found for working memory 
as a shared cognitive risk factor.  
The previous studies (in Chapter 2 and Chapter 3) indicated the importance of 
the central executive. Since executive functioning is assumed to be localized in the 
central executive, the aim of Chapter 4 and Chapter 5 was to gain more insight into 
inhibition skills of children with learning disabilities.  The study described in Chapter 4 
wanted to extend our knowledge regarding the origin of MD and RD by testing and 
comparing the performances of control children, children with RD, with MD and with 
RD+MD on interference control.  It was found that interference control of children with 
RD was not significantly slower than interference control of children without RD.  
Moreover, performance on interference control tasks of children with MD was not 
significantly worse than performance of children without MD.  In addition, no significant 
interaction-effect was found between MD and RD.  In sum, in line with van der Sluis et 
al. (2004) and Willburger et al. (2008) these results showed no below average 
interference control in children with learning disabilities, suggesting that a lack of 
interference control might not be an underlying problem of RD or MD and that RD, MD 
or RD+MD are not caused by an interference control cognitive risk factor.  
Chapter 5 studied behavioral inhibition, as measured by a Go/no-go task in a 
non-symbolic picture modality and symbolic letter and digit-modalities, in control 
children, children with RD, with MD and with RD+MD.  A first aim was to investigate 
behavioral inhibition as cognitive function in children with and without RD, MD and 
RD+MD.  In addition, it was studied if there were modality-specific or domain-general 
problems in children with learning disabilities.  In line with e.g., de Jong et al. (2009); 
Purvis and Tannock (2000); and van der Schoot et al. (2000), behavioral inhibition 
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deficits in children with RD were found.  Our findings revealed that children with RD 
made significantly more commission errors on both symbolic modalities compared to 
the non-symbolic picture modality and in comparison with children without RD.  
Children with MD made as much commission errors on the non-symbolic picture 
modality and on the symbolic letter modality as children without MD.  No significant 
interaction-effect was found between RD and MD.  Findings concerning commission 
errors pointed in the direction of less adequate alphanumeric behavioral inhibition skills 
in children with RD, but not in children with MD.  In addition, children with RD had a 
slower mean reaction time (MRT) on all modalities.  As opposed to children without MD, 
children with MD showed significantly faster performance on the non-symbolic (picture) 
condition than on the symbolic or alphanumeric (digit and letter) modalities.  Hence, 
these problems seemed to be domain-general in children with RD and alphanumeric in 
children with MD.  
The study of Chapter 6  wished to gain more insight into naming speed skills as 
an endophenotype of RD, MD and RD+MD.  In addition, the domain-specificity of 
possible naming speed problems and the potential role of naming speed as underlying 
risk factor were also examined.  Consistent with previous studies (Landerl et al., 2004; 
van der Sluis et al., 2004; Willburger et al., 2008), empirical support for children with RD 
performing significantly slower on naming speed of numbers, quantities, words and 
colors in comparison with children without RD has been provided.  Children with MD 
were slower on the quantity naming speed task in comparison with children without MD.  
No significant interaction effects were found between RD and MD.  Hence, this study 
provided evidence for domain-general naming speed problems in children with RD and 
problems with the processing of non-symbolic numerical information in children with 
MD.  Support was found for the hypothesis of the comorbid group as an additive 
combination of RD and MD and might indicate that RD and MD have a distinct cognitive 
profile, at least for naming speed. 
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COVERING CONCLUSIONS AND DISCUSSION 
Covering Analyses 
In Chapter 3 to 6, working memory, interference control, behavioral inhibition and 
naming speed were investigated in children with learning disabilities.  To integrate 
previous findings and to compare possible underlying deficits of RD and MD, additional 
analyses were conducted with those variables that revealed significant differences 
between the control group and the learning disabilities groups in the previous chapters.  
In the first place, an overview is given of the means and standard deviations of 
performance on working memory, behavioral inhibition, and naming speed tasks.  In 
contrast to the previous chapters, all ANOVAs were conducted with the same sample (N = 
112), i.e., the sample that was used in Chapter 3 and Chapter 5.  In Chapters 4 and 6, 
analyses were done with a larger sample (N = 161).  However, part of working memory 
and behavioral inhibition data were not available for this larger sample.  For this reason, 
overall data analyses occurred with the smaller sample. To be able to compare the 
divergent aspects of working memory, composite scores for the phonological loop, the 
visuospatial sketchpad and the central executive component were calculated by 
converging the sum of raw scores of each working memory component to z-scores.  As 
shown in Table 1, analyses revealed significant results for the composite score of the 
phonological loop ( p < .001), the visuospatial sketchpad (p < .001) and the central 
executive (p < .001).  Moreover, significant results were found for MRT on the naming 
speed task of quantities (p = .014), the naming speed task of words (p = .002) and on the 
letter ( p = .011) and digit modality (p = .015) of the Go/no-go task.   
Based on the results presented in Table 1, Cohen’s d was calculated pairwise 
between the groups and for each variable (Table 2).  Significant differences were found 
between the control group and the clinical groups, but not between the clinical groups 
themselves. 
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Finally, logistic regression analyses were conducted in order to clarify to what 
extent working memory, behavioral inhibition and naming speed predicted the 
probability of RD, MD, and RD+MD and which of these cognitive skills were the most 
influential ones.  We conducted analyses with those cognitive skills that were 
investigated separately in Chapter 3, 5 and 6, since they revealed significant differences 
between the control and the learning disabilities groups.  We controlled for gender, age 
and IQ.  The best model consisted of naming speed of words, naming speed of quantities 
and the composite score of the central executive.  Model fit was significant, χ2 (18, N = 
112) = 97.06, p < .001 and Nagelkerke R 2= .62.  Log-likelihood-tests showed significant 
results for naming speed of words (χ2 (3, N = 112) = 12.10, p = .007), of quantities (χ2 (3, 
N = 112) = 7.89, p = .048) and for the composite score of the central executive (χ2 (3, N = 
112) = 39.40, p < .001).  Results are presented in Table 3.  
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Table 3 
Multinomial Logistic Regression Model for Predicting Learning Disabilities based on Working 
Memory Composite Scores, and Behavioral Inhibition and Naming Speed Tasks, in Control of 
Gender, Age and Intelligence 
   95% CI for OR  
Group comparison Model OR Lower Upper Wald (df) 
RD vs controla 
 
 
 
 
 
MD vs control 
 
 
 
 
 
MD+RD vs control 
 
 
 
 
 
MD vs RDb 
 
 
 
 
 
RD+MD vs RD 
 
 
 
Genderd 
Age 
IQ 
NS Quant 
NS Words 
Acc CE 
Gender 
Age 
IQ 
NS Quant 
NS Words 
Acc CE 
Gender 
Age 
IQ 
NS Quant 
NS Words 
Acc CE 
Gender 
Age 
IQ 
NS Quant 
NS Words 
Acc CE 
Gender 
Age 
IQ 
NS Quant 
1.52 
1.05 
0.97 
1.00 
1.01 
0.24 
0.61 
1.03 
0.88 
1.01 
0.99 
0.19 
0.43 
1.09 
0.92 
1.01 
1.00 
0.10 
0.40 
0.98 
0.91 
1.00 
0.99 
0.82 
0.28 
1.04 
0.95 
1.00 
0.39 
0.98 
0.90 
1.00 
1.00 
0.10 
0.15 
0.96 
0.82 
1.00 
0.98 
0.07 
0.11 
1.02 
0.86 
1.00 
0.99 
0.04 
0.08 
0.91 
0.84 
1.00 
0.98 
0.31 
0.07 
0.97 
0.89 
1.00 
6.00 
1.12 
1.04 
1.01 
1.01 
0.57 
2.48 
1.10 
0.95 
1.02 
1.00 
0.52 
1.70 
1.16 
0.99 
1.02 
1.00 
0.25 
1.94 
1.06 
0.98 
1.01 
1.00 
2.14 
1.21 
1.02 
1.11 
1.01 
0.36 
1.58 
0.67 
2.01 
0.79 
10.23*** 
0.47 
0.61 
12.24*** 
5.00* 
4.44* 
10.47*** 
1.45 
5.94* 
5.20* 
6.11* 
0.82 
22.77*** 
1.29 
0.20 
5.88* 
0.76 
8.17** 
0.17 
2.91 
1.36 
1.77  
1.29 
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RD+MD vs MDc 
NS Words 
Acc CE 
Gender 
Age 
IQ 
NS Quant 
NS Words 
Acc CE 
0.99 
0.40 
0.70 
1.06 
1.05 
1.00 
1.01 
0.49 
0.99 
0.17 
0.17 
1.00 
0.99 
1.00 
1.00 
0.22 
1.00 
0.94 
2.85 
1.12 
1.12 
1.01 
1.02 
1.11 
4.30* 
4.39* 
0.24 
3.32 
2.34 
0.08 
2.55 
2.94 
Note. OR = odds ratio; CI = confidence interval; RD = reading disabilities; MD = mathematical 
disabilities; RD+MD = reading- and mathematical disabilities; NS = naming speed; quant = 
quantities; Acc CE = accuracy central executive. 
a control group as reference category; b reading disabilities group as reference category; c 
mathematical disabilities group as reference category; d girls as reference category. 
* p < .05; ** p < .01; *** p < .001 
Working Memory in Children with Learning Disabilities 
 In line with e.g., Geary et al. (2007), and Passolunghi and Siegel (2004), the 
multicomponent model of Baddeley (Baddeley, 1986) was used in Chapters 2 and 3 to 
investigate working memory.  According to this model, working memory is an active 
system that regulates complex cognitive behavior.  It consists of a central executive 
attentional control system and two slave systems: the phonological loop and the 
visuospatial sketchpad (Baddeley, 1986).  The latter is responsible for the storage and 
maintenance of both visual and spatial information, while the former has similar 
responsibilities for verbal information (Baddeley, 1986).  (Backward) recall and dual 
tasks are often used in learning disabilities research (e.g., Geary et al., 2007; Passolunghi 
& Mammarella, 2010; St Clair-Thompson & Gathercole, 2006).  For this reason, all 
children were tested with (backward) digit -, word list -, block- and listening recall of the 
Working Memory Test Battery for Children (WMTB-C; Gathercole & Pickering, 2001), 
spatial span (based on the Automated Working Memory Assessment; Alloway, 2007), 
backward word list recall and backward block recall.  In Chapter 2 and 3, we emphasized 
the important and significant role of phonological, visuospatial and central executive 
components of working memory in learning disabilities.  In addition, large effect sizes 
were reported between the control group and all clinical groups on all working memory 
components in this chapter.  As shown in Table 2, none of the other cognitive skills had 
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such large effect sizes.  Moreover, the logistic regression analysis with predictors of the 
working memory, behavioral inhibition and naming speed tasks revealed that the 
composite score of the central executive appeared to be the most crucial cognitive 
predictor (see Table 3).  Although naming speed of words and quantities were found to 
be significant predictors as well, their odds ratios were near to 1.00 and hence they only 
added value to the model to a very limited degree (see Table 2).  In line with previous 
studies (Passolunghi & Siegel, 2004; Siegel & Ryan, 1989; Swanson, Zheng, & Jerman, 
2009), we can conclude that working memory, and central executive functioning in 
particular, is of importance in learning disabilities and may to a certain extent prevent 
children with learning disabilities from developing age-adequate skills in reading and 
mathematics.  The central executive overruled the importance of for instance behavioral 
inhibition.  This is not surprising, taking the crucial role of this working memory 
component into account.  The central executive has to be considered as an attentional 
control system, which also constitutes executive functioning (Baddeley, 1986).  
Executive functioning –such as inhibition, shifting and updating - can be described as the 
general purpose control mechanisms that coordinate, regulate and control cognitive 
processes during the operation of cognitive tasks (Miyake et al., 2000).  Problems in 
executive functioning have frequently been reported in children with learning disabilities 
(e.g., Booth, Boyle, & Kelly, 2010; Bull & Scerif, 2001; van der Sluis et al., 2004).   
We marked working memory problems in children with mild MD (Chapter 2) and 
in children with severe learning disabilities (Chapter 3), but we were unable to find 
consistent significant differences in working memory as a cognitive predictor between 
children with MD-i and MD-p (Chapter 2),or between children with RD, MD or RD+MD 
(Chapter 3).  A fairly large number of studies has described the influential role of 
working memory in reading and mathematical abilities (Bull, Espy, & Wiebe, 2008; 
Gathercole, Alloway, Willis, & Adams, 2006).  Working memory seems to be related with 
scholastic attainment in general (St Clair-Thompson & Gathercole, 2006) and makes a 
common instead of a domain-specific contribution to the development of both reading 
and mathematical abilities (Gathercole et al., 2006).  This may be reflected in our results 
and explain why no differences could be found between the MD-p and MD-i groups or 
between the RD, MD or RD+MD groups.  Another explanation has to be mentioned as 
well.  In line with Geary (2011), and Swanson, Howard, and Saéz (2006), evidence was 
rather found for domain-general working memory problems in children with learning 
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disabilities.  Hence, none of the groups had real strenghts in one of the components.  As 
a consequence, they were unable to compensate for weaknesses in one component by 
relying on another working memory component.   
Inhibition in Children with Learning Disabilities  
Inhibition has to be seen as one of the most crucial executive functions (Miyake 
et al., 2000).  Several authors have proposed that it is not just a unitary construct, but 
rather a family of functions (Friedman & Miyake, 2004; Nigg, 2000).  In Nigg’s (2000) 
taxonomy, executive or effortful inhibition can be differentiated in interference control, 
behavioral, oculomotor and cognitive inhibition.  In Chapter 4, interference control was 
investigated. The concept refers to the ability to maintain response performance and 
suppress competing, distracting, or interfering stimuli that evoke a competing motor 
response (Nigg, 2000).  The Stroop task is one of the most widely cited measures of 
interference control in literature (Nigg, 2000).  To include both numerical and non-
numerical material, the quantity Stroop (Bull & Scerif, 2001) as well as the color-word 
Stroop (Stroop, 1935) were used in Chapter 4.  In addition, in Chapter 5, behavioral 
inhibition - the capacity to suppress a prepotent or dominant response (Nigg, 2000) – 
was measured.  Behavioral inhibition was targeted by the Go/no-go task, in line with 
other studies using this measure for behavioral inhibition (Friedman & Miyake, 2004; 
Purvis & Tannock, 2000).  Behavioral inhibition was observed by using three tasks of 
different modalities: a picture, a letter and a digit modality.  Our findings showed that 
children with RD experienced problems with behavioral inhibition as compared to 
children without RD, but not with interference control.  These results are in line with de 
Jong et al. (2009), Purvis and Tannock (2000), and van der Schoot et al. (2000), who also 
found a behavioral inhibition deficit in childeren with RD.  In addition, as in our study, 
both the studies of Van der Sluis et al. (2004) and Willburger et al. (2008) revealed no 
differences between performance of children with RD and performance of control 
children on interference control, as measured by Stroop tasks.   
 Moreover, the analyses showed that children with MD did not experience any 
behavioral inhibition or interference control deficits compared to peers with age-
adequate mathematical abilities.  These findings are in congruence with e.g., Censabella 
and Noel (2008).  These authors investigated both interference control and behavioral 
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inhibition in 10 year old children : 20 children with MD and 20 control children.  They did 
not find any differences between both groups and concluded that children with MD do 
not seem to suffer from inhibition deficits (Censabella & Noël, 2008).  However, these 
results are contrary to several other studies reporting inhibition problems in children 
with MD. For instance, Zhang and Wu (2011) described problems in children with MD on 
both a color-word and a numerical Stroop and a study of Bull and Scerif (2001) 
emphasized a significant correlation between mathematical performance and the level 
of interference control on the quantity Stroop task (the lower the mathematics ability, 
the higher the interference).   
Naming Speed in Children with Learning Disabilities  
Naming speed can be defined as those processes that underlie the rapid 
recognition and retrieval of visually presented linguistic stimuli (Wolf & Bowers, 1999) or 
as the ability to quickly recognize and name a restricted set of serially presented high 
frequency symbols, objects or colors (Heikkilä et al., 2009; McGrath et al., 2011).  To 
draw conclusions regarding which aspect of naming speed is impaired in children with 
learning disabilities, four naming speed tasks have been employed in Chapter 6.  Naming 
speed of numbers, quantities, words and colors was tested based on the rapid 
automatic naming paradigm of Denckla and Rudel (1974).   
In line with e:g., Willburger et al. (2008), and Shanahan et al. (2006), our findings 
revealed that children with RD were slower on all naming speed tasks in comparison 
with children with age adequate reading abilities.  Children with MD performed slower 
on the quantity naming speed task than children without MD.  These findings made us 
propose, in line with e.g., Willburger et al. (2008) and Landerl et al. (2004) that deficits in 
naming speed are domain-specific in children with MD. 
In sum, our results are in line with the findings of Heikkilä et al. (2009), who 
demonstrated a more specific connection between naming speed and RD, than between 
naming speed and learning disabilities in general.  Moreover, they found children with 
RD+MD to be more impaired than children with RD only (Heikkilä et al., 2009).  
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The Modality-specific or Domain-general Cognitive Deficit in Children with RD and/or 
MD 
Throughout this dissertation, it became clear that children with RD mainly 
experience domain-general problems in comparison with children without RD.  
Composite scores of the phonological loop, the visuospatial sketchpad and the central 
executive of the RD group differed significantly from those of the control group.  
Moreover, children with RD performed significantly slower on the picture -, the letter -, 
and the digit-modality of the Go/no-go task and on the digit- , quantity- , word- and 
color naming speed tasks in comparison with children without RD.  Based on the 
phonological deficit theory, which is currently the most commonly accepted hypothesis 
about RD (e.g., Snowling, 2001), one should expect that children with RD would in 
particular experience problems on the tasks that are dependent on phonological 
processing (Alonso-Bua, Diaz, & Ferraces, 2006).  Phonological processing is the capacity 
to understand and manipulate the sound system of spoken words to process oral and 
written information (Allor, 2002; Snowling, 2001).  However, that was not the case and 
besides phonological processes, other cognitive processes, such as impairments in the 
visuospatial sketchpad, also seem to be impaired in children with RD.  These findings are 
in line with Pennington et al. (2012), who found evidence for the multiple deficit 
hypothesis in RD, which states that RD might be caused by multiple cognitive deficits as 
well as by one single deficit.  
The findings on the question of domain-specificity are less clear in children with 
MD than in children with RD.  In Chapter 2, children with mild MD experienced problems 
on the spatial span and digit recall.  In this chapter, large effect sizes were found 
between the control group and the group of children with severe MD on all composite 
scores of the working memory components.  Concerning MRT on the Go/no-go task, 
children with MD were slower than children without MD on the letter and the digit 
modality.  At last, they performed slower on the quantity naming speed task.  Thus, 
children with MD appear to have cognitive deficits related to symbolic, numerical and 
visuo-spatial information processing.  Consistent with previous studies (Butterworth, 
1999, 2005; Dehaene, Piazza, Pinel, & Cohen, 2003; Rousselle & Noel, 2007; Wilson & 
Dehaene, 2007) the MD group performed poorly on numerosity processing (i.e., a 
slower MRT on the digit modality of the Go/no-go task and on the quantity naming 
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speed task).  However, our findings revealed that this might not be the whole story, 
since ‘broader’ problems on cognitive processing tasks (i.e., lower composite scores on 
all working memory components and a slower MRT on the letter modality of the Go/no-
go task) were reported as well.  These findings are in line with Andersson and Ostergren 
(2012), Geary, Hoard, Nugent, and Bailey (2012), and Shalev (2004), and provide 
evidence for multiple deficits in children with MD (Andersson & Ostergren, 2012; 
Dowker, 2005; Mazzocco & Myers, 2003).  According to the multiple deficits hypothesis, 
one child might suffer from a problem with numerosity processing, while another child 
may experience working memory problems and still another child experiences both 
these problems (Andersson & Ostergren, 2012; Geary et al., 2012).  However, it should 
be pointed out that some studies (e.g., Rubinsten & Henik, 2009) differentiate children 
with ‘developmental dyscalculia’ from children with ‘MD’.  According to those 
researchers, children with ‘developmental dyscalculia’ would suffer from a core deficit in 
numerosity processing and show very specific deficits at the behavioral level, whereas 
the underlying profile of the broader group of children with MD is more heterogeneous 
with children having more general deficits (not necessary in the domain of ‘number 
sense’) and performing worse at a broader spectrum of mathematical domains 
(Rubinsten & Henik, 2009).  
Comorbidity 
 Comorbidity can be defined as two or more disorders that co-occur together 
(Neale & Kendler, 1995).  Research has revealed that RD and MD co-occur more 
frequently than could be expected by chance (Dirks, Spyer, van Lieshout, & de 
Sonneville, 2008).  The prevalence of RD is estimated between 5 to 12% of children 
(Schumacher, Hoffmann, Schmal, Schulte-Korne, & Nothen, 2007), the prevalence of MD 
between 3-14% of children (Barbaresi, Katusic, Colligan, Weaver, & Jacobsen, 2005; 
Rubinsten & Henik, 2009; Shalev et al., 2005) and the prevalence of RD+MD between 
3.4% and 7.6% (Badian, 1999; Dirks et al., 2008).  Although comorbidity is considerably 
common, little systematic research has been conducted to identify cognitive deficits 
underlying RD+MD. 
Overall, in this dissertation, the most significant differences and the strongest 
effect sizes were found between the children with RD+MD and the control children.  In 
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some cases, in particular on measures of the Go/no-task and on working memory tasks, 
post hoc analyses with the control, RD, MD and RD+MD groups revealed only differences 
between the control and the comorbid group.  This might be due to the small sample 
with a risk of type 2 errors and to the fact that the deficits in the isolated groups were 
too small to capture.  Evidence for these explanations is found when comparing the 
results of the naming speed analyses as conducted with the large sample (N = 161) and 
with the small sample (N = 112).  For instance, whereas post hoc tests with the large 
sample revealed differences between the RD+MD group and the MD group on the 
naming speed of quantities, these differences were not found in post hoc analyses with 
the small sample.   
 The fact that the most significant differences and the largest effect sizes were 
found between the RD+MD group and the control children (this chapter) parallels with 
the finding in Chapter 2 that five out of seven of the children with MD-p also 
experienced reading or spelling difficulties (against one out of six children with MD-i).  
This latter result may be explained by the finding that reading abilities influence growth 
in mathematics achievement, but mathematic abilities do not influence growth in 
reading achievement (Jordan, Hanich, & Kaplan, 2003).   
 Throughout this dissertation, our results are in line with the multifactorial 
aetiological models of children with RD and, to a lesser extent, MD (Helland, 2007; 
Rubinsten & Henik, 2009).  Several cognitive skills probably underlie RD and MD. This 
might point into the direction of shared cognitive risk factors, i.e., cognitive factors 
which influence both RD and MD (Pennington, 2006).  For this reason, we looked for 
such shared cognitive risk factors (Chapter 3 to 6) by means of 2 (RD versus no RD) x 2 
(MD versus no MD) factorial analyses.  A significant interaction effect between RD and 
MD would have indicated a shared cognitive risk factor.  It would have suggested that 
the RD+MD group was the underadditive combination of RD and MD and that the group 
performed at a similar level than the RD and the MD group (Shanahan et al., 2006).  
However, except for one task of the central executive (i.e., listening recall), no significant 
interaction effects were found between RD and MD and working memory, inhibition or 
naming speed in our dataset.  As a consequence, in line with van der Sluis et al. (2004) 
and Willburger et al. (2008), it seems that RD+MD is nothing more than the sum or the 
additive combination of pure RD and pure MD, at least for the cognitive skills we 
investigated in this dissertation.  However, 2 (RD vs no RD) x 2 (MD vs no MD) analyses 
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at the behavioral level revealed evidence for the RD+MD group as the underadditive 
combination of RD and MD (we refer to Table 4 for an overview of the means and 
standard deviations of the groups involved).  A significant interaction-effect between the 
RD and the MD factors was found for spelling (F(1,108) = 5.08; p = 0.026; ŋ² = 0.05), fact 
retrieval (F(1,108) = 5.14; p = 0.025; ŋ² = 0.05) and mental arithmetics (F(1,108) = 4.24; p 
= 0.042; ŋ² = 0.04).  Hence, it might be possible that our results point into the direction 
of shared cognitive risk factors between spelling disabilities and MD.  In this dissertation, 
the focus lay on RD, including both children with reading or spelling disabilities.  
However, research revealed that different processes might underlie the comorbidity 
between RD and MD than the comorbidity between spelling disabilities and MD (Dirks et 
al., 2008).  Moreover, it was suggested by Landerl and Moll (2010) that comorbidity 
between spelling disabilities and MD may be more strongly biologically mediated than 
the comorbidity between RD and MD.  Further research on commonalities between 
deficits underlying spelling disabilities and MD and shared cognitive risk factors is 
advised. 
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Working Memory Models 
The multicomponent model of Baddeley revised.  In our dissertation, Baddeley’s 
three component working memory model of 1986 was used instead of the later four 
component working memory model of 2000, which also included the episodic buffer.  
This option was chosen for several reasons.  First, the main part of learning disabilities 
studies investigating working memory used this model (e.g., Passolunghi & Siegel, 2004; 
van der Sluis, van der Leij, & de Jong, 2005).  Second and most essential, knowledge 
concerning the exact role of the episodic buffer in the working memory model is 
restricted and still in its infancies (Baddeley, Allen, & Hitch, 2010).  Research on the 
multicomponent model has progressed and recently Baddeley, Allen, and Hitch (2011) 
proposed a revised version of the multicomponent working memory model. In this 
model, the episodic buffer is far more centralized than before.  The component has to 
be seen as a passive system that has the capacity to bind information from a number of 
different dimensions into unitized episodes (Baddeley et al., 2011). According to this 
recently revised model, Baddeley et al. speculate that conscious access to the 
phonological loop or visuospatial sketchpad operates via the episodic buffer and that 
these former components act as lower level buffers allowing information from different 
kinds of information to be combined (Baddeley et al., 2011).  We refer to Figure 1 for a 
representation of this revised model.  Further research is needed, but if these 
assumptions are correct, then it is quite possible that our findings concerning the crucial 
role of the central executive are overestimated and that the episodic buffer might be 
very important in the achievement of reading and mathematical abilities and in learning 
disabilities. 
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Figure 1 : Revised working memory model (Baddeley et al., 2011, p. 1399) 
Other working memory models.  Although Baddeley’s working memory model is 
widely used and of high influence, other working memory models should be pointed out 
as well.  There is, for instance, the model of Cowan (1999), that argues that working 
memory has to be seen as an embedded-processes model and suggests a hierarchically 
arranged organization.  In this organization, active memory is as a subset of long-term 
memory and the focus of attention is a subset of active memory (Cowan, 1999).  
Another example that is mainly of importance in developmental disabilities research, is 
the continuity model of Cornoldi and Vecchi (2003).  According to them, working 
memory has to be considered on a horizontal and a vertical dimension.  The former 
makes a distinction between the stimulus modalities (e.g., verbal, visual and spatial), 
while the latter distinguishes passive storage from active processing (Passolunghi & 
Mammarella, 2010).   
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Learning Disabilities: Fluctuations in Cutoff Scores and in Performance 
In research on learning disabilities, the discussion about cutoff scores and the 
‘resistance to instruction’ as a criterion is a hot topic.  Recently, and especially in 
mathematical literature, the 10th percentile was proposed as cutoff score for RD and/or 
MD (e.g., Geary, 2011; Murphy, Mazzocco, Hanich, & Early, 2007).  This value is more 
restricted than for instance the 35th percentile (Geary, 2007).  These studies generally 
refer to children with a percentile score below the 11th and 25th percentile as low 
achievers (e.g., Stock, Desoete, & Roeyers, 2010).  It is still common in learning 
disabilities research to study both children with learning disabilities and so- called low 
achievers together (Vukovic & Siegel, 2010).  For this reason, we used the terms mild (< 
pc 25) and severe (< pc 10) learning disabilities to refer to this distinction (Vukovic & 
Siegel, 2010).  In addition, strong fluctuations are found over time in the number of 
children who met or did not meet (anymore) criteria for learning disabilities at different 
grades (Fuchs et al., 2007; Mazzocco & Myers, 2003; Shalev et al., 2005).  In our 
dissertation, these fluctuations were found as well.  In the first place, results of our 
longitudinal study (Chapter 2) reflected that 46% of the children with mild MD did no 
longer meet the diagnostic criteria for MD anymore.  Secondly, selection of participants 
for our cross-sectional studies revealed that 35 of the children who were supposed to 
belong to the control group, scored below the 10th percentile on reading, spelling or 
mathematics.  In addition, 30 children, recruited as control, scored below the 25th 
percentile on at least one of these tests.  Hence, 65 children of our cross-sectional 
studies did not meet the inclusion criteria for the control group due to significantly 
below average performance on reading, spelling or mathematics.  More importantly, 30 
children of the cross-sectional studies did not meet the inclusion criteria for learning 
disabilities anymore.  However, it should be mentioned that 20 of them still met criteria 
for mild LD.  Hence, although they no longer achieved reading, spelling or math scores 
below the 10th percentile, they still scored below the 25 percentile on at least one 
reading, spelling or math test. 
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Limitations and Suggestions for Future Research 
Several limitations of the studies were already described in each of the preceding 
chapters.  In this section, we would like to discuss some other limitations that refer to 
the dissertation as a whole. 
In the first place, in this dissertation we did not separate spelling- and reading 
disabilities from each other.  We were not able to conduct analyses with the separate 
spelling- and reading disabilities groups, since only two of the participating children with 
RD experienced only problems with spelling.  All other children suffered from reading 
problems.  As shown in Table 4, it was found that 51 of the children with MD 
experienced spelling problems (< pc 25 op PI) as well.  However, research revealed that 
comorbid spelling and mathematical disabilities may have a different pattern than 
comorbid RD+MD (Shalev et al., 2005).  Hence, this may have influenced our results and 
further research is advised.  
Secondly, subtypes of MD and RD were not taken into account.  This option was 
chosen since there is not yet a common agreement on RD subtypes and several subtype 
categorizations exist (e.g., Bergmann & Wimmer, 2008; Wolf & Bowers, 1999).  
However, literature on MD has distinguished two clusters of children with MD: MD due 
to a semantic memory deficit and MD due to deficits in procedural math skills (Geary, 
2004; Rousselle & Noel, 2007).  The former is often linked to RD (Geary, 2011), raising 
questions about the usefulness of placing children with MD into one single diagnostic 
MD category.  As shown in Table 5, few children of our sample experienced only 
semantic memory deficits, while most children suffered from a pure deficit in procedural 
math skills. A study with a large sample that takes these two subtypes of MD into 
account and looks for differences and commonalities between them and their 
relationship with RD would be advised. 
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Table 5:  
Overview of the Mathematical Disabilities Clusters in our Sample 
 
 
Semantic memory 
subtype 
Procedural subtype Subtype with 
combined problems 
N MD 5 51 19 
N Spelling problems 
         Below pc 10 
         Below pc 25 
 
2 
1 
 
24 
7 
 
13 
4 
Note: semantic memory: pure semantic memory deficit subtype of mathematical disabilities, 
procedural skills = pure procedural mathematical skills deficit subtype of mathematical 
disabilities, MD: mathematical disabilities, pc: percentile. 
 
Finally, in this dissertation, focus lay on behavioral inhibition and interference 
control. Other kinds of inhibition, such as cognitive and oculomotor inhibition, were not 
investigated.  However, research studying Nigg’s (2000) four types of executive 
inhibition in children with RD, MD or RD+MD could be worthwhile, especially since 
previous research has revealed cognitive inhibition problems in children with learning 
disabilities (Chiappe, Hasher, & Siegel, 2000; Passolunghi, 2011).  For instance, 
Passolunghi and Siegel (2001) and Passolunghi (2011) found that children with MD 
experienced cognitive inhibition problems, as measured by listening recall and in 
comparison with control children. 
IMPLICATIONS 
Implications for Clinical Practice 
 Implications for assessment.  The findings of Chapter 2 revealed that 71.43% of 
the children with MD-p also experienced reading or spelling problems.  In line with these 
results, Shalev (2004) found that the rates of deficient academic skills are four to five 
times higher in groups that already experience problems in another academic domain 
compared to the standard population.  In addition, studies have shown that RD and MD 
occur more frequently than would be expected by chance (Dirks et al., 2008).  This was 
reflected in this dissertation as well, since it was far more difficult to find participants 
with a specific clinical diagnosis of RD or MD than to find children with combined 
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RD+MD.  Hence, in assessment, it is advised to measure spelling and reading skills of 
children who experience mathematical problems and vice versa.   
In addition, we found evidence for divergent cognitive problems in children with 
learning disabilities.  Children with RD, MD or RD+MD displayed problems with several 
cognitive functions compared to children with adequate reading and mathematical 
abilities.  The problems in cognitive functions (see Chapter 2, 3, 5 and 6) were only 
significant at the group level.  Hence, as was pointed out in other studies (e.g., 
Andersson & Ostergren, 2012; Geary et al., 2012; Pennington et al., 2012), not all 
children with learning disabilities will suffer from for example working memory 
problems.  For this reason, we would not advise to use working memory-, behavioral 
inhibition -, and naming speed tests during diagnostical assessment. However, in the 
context of assessment with therapeutic implications and implications about adequate 
support at home or at school, it may be useful to investigate these cognitive skills in 
children with RD and test working memory and – to a more restricted extent - naming 
speed in children with MD.  
As mentioned above, this dissertation revealed that a considerable number of 
children no longer experienced learning disabilities, but seem to outgrow their 
disabilities to some extent.  This was found in previous studies as well (Geary, 2012) and 
makes researchers propose to reconsider the diagnosis of those children on a regular 
base (Fletcher, Francis, Morris, & Lyon, 2005).  
 Implications for therapy.  As mentioned above, it might be important to focus on 
cognitive skills in those children with RD, MD or RD+MD who indeed experience 
problems with cognitive functions.  Since working memory components revealed the 
largest effect sizes, it may in particular be relevant, in line with Gathercole et al. (2006), 
to manage working memory loads, not only during therapy, but also in structured 
learning activities in the classroom or at home. Due to problems with retrieval and 
processing of information, children with RD, MD or RD+MD may need more time to 
complete homework, exercises, and examinations compared to peers without learning 
disabilities. 
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Research-related Implications 
 In learning disabilities research, criteria used to include participants may differ 
from study to study.  As a consequence, it is hard to compare findings from different 
studies.  In Flanders and the Netherlands, three criteria have to be met: the severity, 
persistence and exclusion, criterion (Vandermosten et al., 2010).  These criteria were 
used in our studies as well.  In the first place, children with learning disabilities had to 
perform significantly below expected on reading, spelling or mathematics tests.  
Recently, several authors proposed the 10th percentile or standard score (SS) 5 as cutoff 
score to operationalize learning disabilities (e.g., Geary, 2011; Murphy et al., 2007; Van 
De Voorde, Roeyers, Verté, & Wiersema, 2010).  However, many learning disabilities 
studies still select these children with a score below the 25th percentile or SS 7 on 
reading, spelling and/or math tests (Vukovic, Lesaux, & Siegel, 2010; Vukovic & Siegel, 
2010).  In this dissertation, those children were referred to as children with mild learning 
disabilities.  Related to this criterion, it will be important to take the other learning 
disability into account when just measuring one pure disability.  If for instance reading 
and spelling are not controlled for in MD research, this might strongly influence results 
(Fuchs & Fuchs, 2002; Swanson & Jerman, 2006), since studies revealed that children 
with a comorbid disorder show a different pattern of deficits in math than in those who 
have pure MD (Wilson et al., 2006).  Another criterion states that the problems have to 
be persistent and resistant to instruction (Fletcher et al., 2005).  In order to be sure of 
this persistence, it is essential to consider consistency in performance over time 
(Fletcher et al., 2005; Mazzocco & Myers, 2003).  As discussed before, our findings stress 
the importance of this persistence criterion.  Finally, the exclusion criterion states that 
the scholastic impairments may not directly and totally be explained by sensory deficits, 
behavioral disorders, a mental disability and so on (American Psychiatric Association, 
2000; World Health Organization, 1992).  Related to this, when doing research on 
comorbidity of for instance learning disabilities, it will be important to control for other 
comorbidities, since they might have an important impact on the findings.  
Finally, this dissertation focused on possible underlying endophenotypes of 
learning disabilities and did not pay attention to the influence of and the interaction 
with the environment.  Some biological or cognitive deficits a person suffers from, only 
become manifest as a ‘real’ deficit in interaction with the environment and society one 
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lives in (Devlieger, Rusch, & Pfeiffer, 2003).  In children, learning disabilities are in 
particular manifested at school.  In addition, research has shown that effective and 
adequate instruction is of crucial importance in the development of reading, spelling and 
mathematical skills (Judge & Watson, 2011).  As a consequence, context variables such 
as home and school environment should be included in future studies in order to have a 
full sight on the processes influencing RD, MD, and RD+MD.   Research taking the 
important role of effective instruction and findings, experiences and interpretations of 
the teacher into account may be very interesting.  
Conclusion 
This dissertation provided more information into working memory, inhibition, 
and naming speed in children with isolated RD, isolated MD and combined RD+MD.  All 
children with learning disabilities performed poorly on working memory tasks, providing 
evidence that they have a deficiency related to simultaneously storage and processing of 
verbal and/or visuospatial information.  Moreover, children with RD also experienced 
problems with behavioral inhibition and naming speed in comparison to children 
without RD.  Children with MD suffered from problems with quantity naming speed 
compared to children without MD.  No support was found for shared cognitive risk 
factors of RD and MD and hence results points into the direction of RD+MD as the 
additive combination of both pure groups. 
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INLEIDING 
Leerstoornissen: Lees- en Rekenstoornissen 
Definitie.  De ICD-10 (International Classification of Diseases-10) beschouwt 
leerstoornissen als deze stoornissen in de schoolse vaardigheden waarbij het normale 
ontwikkelingsverloop reeds op jonge leeftijd belemmerd is (World Health Organization, 
1992).  Leerstoornissen omvatten zowel lees- als rekenstoornissen.  Leesstoornissen 
kunnen beschouwd worden als ernstige problemen met lees- en/of spelvaardigheden, 
rekenstoornissen als ernstige problemen met – bepaalde aspecten van - 
rekenvaardigheden (Landerl, Bevan, Butterworth, 2004; Vellutino, Fletcher, Snowling, & 
Scanlon, 2004).  
Criteria.  In Vlaanderen en Nederland hanteert men drie criteria waaraan 
voldaan moet zijn alvorens men van leerstoornissen - en dus ook lees- of 
rekenstoornissen - kan spreken (Vandermosten et al., 2010).  In de eerste plaats is er het 
ernstcriterium (Vandermosten et al., 2010).  Dit criterium kan wellicht beschouwd 
worden als het meest voor de hand liggende, gezien het inhoudt dat kinderen significant 
zwakker moeten presteren op een lees-, spel- en/of rekentest dan men zou verwachten 
op basis van leeftijd, onderwijs, intelligentie.  In de wetenschappelijke literatuur bestaat 
er echter nogal wat debat over hoe men dit ‘significant onderpresteren’ nu precies 
operationaliseert (Geary, Hoard, Byrd-Craven, Nugent, & Numtee, 2007; Vukovic, 2012).  
Een aantal studies gebruiken hiervoor een cutoff grens van percentiel (pc) 10 (Geary, 
2011; Murphy, Mazzocco, Hanich, & Early, 2007).  Ander onderzoek werkt echter met 
een cutoff grens van pc 25 (Vukovic, Lesaux, & Siegel, 2010; Vukovic & Siegel, 2010).  In 
dit proefschrift maken we het onderscheid tussen beide operationaliseringen door te 
spreken over respectievelijk ‘ernstige’ en ‘milde’ leerstoornissen.  In Hoofdstuk 2 gaan 
we in op milde leerstoornissen, in de overige hoofdstukken op ernstige leerstoornissen.  
Een tweede criterium is het hardnekkigheidscriterium of het criterium van de 
didactische resistentie, dat stelt dat problemen persistent moeten zijn en dat kinderen 
hun achterstand niet mogen inhalen ondanks degelijke instructie (Fletcher, Francis, 
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Morris, & Lyon, 2005).  Ten slotte is er het exclusiecriterium: problemen met schoolse 
vaardigheden, zoals lezen, spellen of rekenen, mogen niet volledig te verklaren zijn 
vanuit gedragsstoornissen, een verstandelijke of sensorische beperking, … (American 
Psychiatric Association, 2000; World Health Organization, 1992).   
Prevalentie.  Geschat wordt dat tussen de 2 en 15% van de bevolking te kampen 
krijgt met leerstoornissen (Beghi, Cornaggia, Frigeni, & Beghi, 2006; Dirks, Spyer, van 
Lieshout, & de Sonneville, 2008).  De prevalentie van leesstoornissen zou tussen de 5 en 
12% liggen (Schumacher, Hoffmann, Schmal, Schulte-Korne, & Nothen, 2007), deze van 
rekenstoornissen tussen de 3 en 14% (Barbaresi, Katusic, Colligan, Weaver, & Jacobsen, 
2005; Rubinsten & Henik, 2009; Shalev, Manor, & Gross-Tsur, 2005).  Recent schatte 
Geary (2011) dat ongeveer 7% van de lagere schoolkinderen rekenstoornissen heeft.  
Comorbiditeit 
Comorbiditeit kan omschreven worden als het samen voorkomen van twee of 
meer stoornissen (Neale & Kendler, 1995).  Tussen de 3.4% (Badian, 1999) en 7.6% 
(Dirks et al., 2008) van de bevolking zou zowel lees- als rekenstoornissen hebben.  Deze 
comorbiditeit is hoger dan men op basis van toeval kan verwachten (Dirks et al., 2008).  
We zouden dus kunnen veronderstellen dat lees- en rekenstoornissen mogelijks 
bepaalde onderliggende cognitieve deficits gemeen hebben met elkaar en dat deze 
elkaar zelfs deels overlappen (Swanson, Jerman, & Zheng, 2008).  Deze zogenaamde 
onderliggende cognitieve overlappende deficits worden ook wel gedeelde cognitieve 
risicofactoren genoemd (Pennington, 2006).  In het geval van gedeelde cognitieve 
risiscofactoren, zullen problemen in de comorbide groep zich op een andere manier 
manifesteren dan wanneer de comorbide groep louter de optelsom is van de 
onderliggende deficits van de geïsoleerde lees- of rekenstoornissen (Shanahan et al., 
2006). 
Zowel bij lees- als bij rekenstoornissen werd er evidentie gevonden voor 
problemen met werkgeheugen (Geary et al., 2007; Savage, Lavers, & Pillay, 2007), 
inhibitie (de Jong et al., 2009; Zhang & Wu, 2011) en benoemsnelheid (McGrath et al., 
2011; Willburger, Fussenegger, Moll, Wood, & Landerl, 2008).  Er vonden echter nog 
maar weinig studies plaats die tegelijkertijd geïsoleerde lees-, geïsoleerde reken- en 
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gecombineerde lees- en rekenstoornissen onderzochten.  Zoals in de volgende 
paragrafen naar voor zal komen, blijken onderzoeksresultaten bij geïsoleerde lees- of 
rekenstoornissen bovendien niet eenduidig te zijn. 
Werkgeheugen bij Kinderen met Lees- of Rekenstoornissen 
Net zoals de meeste studies die werkgeheugen onderzoeken bij kinderen met 
leerstoornissen (Geary et al., 2007; Passolunghi & Siegel, 2004), wordt in dit proefschrift 
het werkgeheugenmodel van Baddeley (1986) gebruikt.  Dit drie-componenten model 
stelt dat werkgeheugen gezien moet worden als een actief systeem dat complex 
cognitief gedrag reguleert.  Het centraal executief systeem wordt beschouwd als een 
aandacht- en controlesysteem, verantwoordelijk voor de regulering van cognitieve 
processen, voor de verwerking van de informatie in het werkgeheugen en voor het 
controleren van de twee hulpsystemen, met name de fonologische lus en het 
visuospatiale schetsblok (Baddeley, 2000; Repovs & Baddeley, 2006).  De fonologische 
lus staat in voor het tijdelijk opslaan en ophalen van talige informatie (Baddeley, 2002), 
het visuospatiale schetsblok is verantwoordelijk voor de opslag van visuele en spatiale 
informatie.  In dit proefschrift werden cijfer- en woordreeksen voorwaarts gebruikt als 
maten voor de fonologische lus, blokpatronen voorwaarts als maat voor het 
visuospatiale schetsblok en tot slot blokpatronen, cijfer- en woordreeksen achterwaarts, 
de spatiale span-taak en luisterreeksen als maten voor het centraal executief systeem.  
Studies die onderzoek deden naar de werkgeheugencapaciteiten van kinderen 
met leesstoornissen vonden terug dat deze groep kinderen minder goed presteerde op 
taken die de fonologisch lus meten in vergelijking met de controlegroep (Kibby, Marks, 
Morgan, & Long, 2004).  Gelijkaardige verschillen werden teruggevonden met 
betrekking tot het centraal executief systeem (Beneventi, Tonnessen, Ersland, & 
Hugdahl, 2010; Chiappe, Hasher, & Siegel, 2000; Jeffries & Everatt, 2004; Siegel & Ryan, 
1989).  Er is echter nog maar weinig geweten over hoe kinderen met leesstoornissen 
presteren op maten voor het visuospatiale schetsblok en bevindingen hierover zijn ook 
inconsistent  (Gathercole, Alloway, Willis, & Adams, 2006; Kibby et al., 2004).  Dergelijke 
ambigue resultaten werden ook teruggevonden voor kinderen met rekenstoornissen.  
Hoewel er consensus bestaat over deficits in het centraal executief systeem bij kinderen 
met rekenstoornissen (Geary, 2011), zijn de resultaten over mogelijke deficits in de 
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fonologische lus en het visuospatiale schetsblok uiteenlopend (Passolunghi & Cornoldi, 
2008).   
Inhibitie bij Kinderen met Lees- of Rekenstoornissen 
De heuristische taxonomie van Nigg (2000) onderscheidt in de categorie van 
executieve inhibitie onder meer interferentie controle en gedragsinhibitie.  Interferentie 
controle kan gezien worden als de vaardigheid om bepaald gedrag te blijven stellen, 
ondanks de aanwezigheid van storende en afleidende stimuli die een andere respons 
uitlokken (Nigg, 2000).  Interferentie controle werd in dit proefschrift gemeten met de 
hoeveelheid Stroop (Bull & Scerif, 2001) en de kleur-woord Stroop (Stroop, 1935).  
Gedragsinhibitie is de capaciteit om een prepotente of dominante respons te 
onderdrukken rekening houdend met veranderende prikkels in de omgeving.  Wij gingen 
dit type inhibitie na aan de hand van een Go/no-go taak in een prent-, een letter- en een 
cijfer-modaliteit. 
Net zoals bij werkgeheugen het geval was, vond ook onderzoek naar inhibitie bij 
kinderen met lees- en rekenstoornissen tegenstrijdige resultaten.  Hoewel verscheidene 
studies naar leesstoornissen inderdaad deficits terugvonden (de Jong et al., 2009; Purvis 
& Tannock, 2000; van der Schoot, Licht, Horsley, & Sergeant, 2000), waren er andere die 
geen verschil opmerkten tussen kinderen met leesstoornissen en controlekinderen 
(Schmid, Labuhn, & Hasselhorn, 2011) of slechts voor één subtype inhibitie, bijvoorbeeld 
enkel voor interferentie controle, maar niet voor gedragsinhibitie (Reiter, Tucha, & 
Lange, 2005).  Ook bij kinderen met rekenstoornissen vond men dergelijke ambigue 
bevindingen (Bull & Scerif, 2001; Censabella & Noel, 2008; Passolunghi, Marzocchi, & 
Fiorillo, 2005; Zhang & Wu, 2011).  
Benoemsnelheid bij Kinderen met Lees- of Rekenstoornissen 
Benoemsnelheid kan gedefinieerd worden als de vaardigheid om snel een 
beperkt aantal serieel of geïsoleerd aangeboden en vaak voorkomende symbolen, 
voorwerpen of kleuren te herkennen en benoemen (Heikkilä, Narhi, Aro, & Ahonen, 
2009; McGrath et al., 2011).  Benoemsnelheid wordt vaak gemeten met de  Snel Serieel 
Benoemtaak van Denckla en Rudel (1974).  De benoemsnelheidstaken (cijfers, 
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hoeveelheden, woorden en kleuren) in dit proefschrift zijn eveneens op deze taak 
gebaseerd.  
 Er bestaat algemene consensus over deficits in benoemsnelheid bij kinderen met 
leesstoornissen.  Het is tot op heden echter nog niet duidelijk of kinderen met 
leesstoornissen enkel deficits in symbolische of alfanumerische benoemsnelheid 
vertonen (McGrath et al., 2011; van der Sluis, de Jong, & van der Leij, 2004) of dat deze 
deficits meer algemeen en modaliteit-overstijgend zijn (Denckla & Rudel, 1976; Lander 
et al., 2004; Willburger et al., 2008).  Ook bij kinderen met rekenstoornissen is het nog 
niet duidelijk of een tragere benoemsnelheid louter gerelateerd is aan problemen met 
numerische stimuli (van der Sluis et al., 2004) of dat deze kinderen eerder in het 
algemeen te kampen hebben met een lagere benoemsnelheid over alle modaliteiten 
heen (Geary, 2011; Temple & Sherwood, 2002).  
 We kunnen dus concluderen dat er niet alleen onduidelijkheid bestaat over de 
cognitieve factoren die de comorbiditeit van lees- en rekenstoornissen beïnvloeden, 
maar ook dat er nog heel wat tegenstrijdigheden bestaan over welke cognitieve deficits 
nu precies gerelateerd zijn aan lees- of rekenstoornissen en in welke mate deficits 
domein-specifiek dan wel algemeen zijn. 
Doelen 
 Een eerste doel van dit proefschrift was om inzicht te verwerven in de cognitieve 
deficits waar kinderen met ernstige leesstoornissen, met milde en ernstige 
rekenstoornissen en met ernstige comorbide lees- en rekenstoornissen mee te kampen 
hebben.  Daarnaast wilden we ook onderzoeken of mogelijke deficits in inhibitie en 
benoemsnelheid zowel bij kinderen met ernstige leesstoornissen als bij kinderen met 
ernstige rekenstoornissen domein-specifiek zijn (Hoofdstukken 4 tem 6).  Ondanks de 
hoge comorbiditeit tussen lees- en rekenstoornissen, is er erg weinig geweten over de 
relatie tussen beide.  Omwille van deze reden, wilden we de impact van lezen en spellen 
op de hardnekkigheid van milde rekenstoornissen nagaan (Hoofdstuk 2).  Ten slotte 
wensten we ook onze kennis over werkgeheugen, inhibitie en benoemsnelheid als 
mogelijke gedeelde cognitieve risicofactoren van lees- en rekenstoornissen te vergroten 
(Hoofdstukken 3 tem 6).  
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OVERZICHT VAN DE BELANGRIJKSTE RESULTATEN 
Het  Belang van Werkgeheugen 
 Zowel in Hoofdstuk 2 als in Hoofdstuk 3 kwam de belangrijke rol van de 
verschillende werkgeheugencomponenten naar voor.  In Hoofdstuk 2 gingen we in een 
longitudinale studie na welke kinderen met milde rekenstoornissen op de leeftijd van 6 
en 7 jaar nog steeds rekenstoornissen vertoonden op de leeftijd van 10 jaar.  We vonden 
terug dat zowel de kinderen die niet langer rekenstoornissen hadden, als de kinderen 
die nog steeds met rekenstoornissen kampten, op werkgeheugentaken uitvielen ten 
opzichte van de controlekinderen.  In Hoofdstuk 3 werd duidelijk hoe kinderen met 
geïsoleerde leesstoornissen, geïsoleerde rekenstoornissen of beide stoornissen het op 
alle werkgeheugencomponenten minder goed deden dan controlekinderen zonder 
leerstoornissen.  Bovendien werden in Hoofdstuk 7 ook grote effect sizes teruggevonden 
tussen de controlegroep en de groepen met leerstoornissen en werd uit analyses met de 
cognitieve vaardigheden werkgeheugen, inhibitie en benoemsnelheid duidelijk dat het 
centraal executief systeem de beste voorspeller was van leerstoornissen.  In 
overeenstemming met andere studies (Passolunghi & Siegel, 2004; Siegel & Ryan, 1989; 
Swanson, Zheng, & Jerman, 2009), kunnen we besluiten dat werkgeheugen in het 
algemeen - en het centraal executief systeem in het bijzonder - van belang is bij 
leerstoornissen en tot op bepaalde hoogte misschien ook wel belemmert dat kinderen 
met leerstoornissen adequate lees-, spel- of rekenvaardigheden ontwikkelen.  
 Het is opvallend dat we er in dit proefschrift wel in slaagden om verschillen te 
vinden in werkgeheugenprestaties tussen de controlekinderen en kinderen met 
leerstoornissen, maar niet tussen de kinderen met verschillende soorten leerstoornissen 
onderling.  Heel wat studies beschreven reeds de invloedrijke rol van werkgeheugen bij 
de ontwikkeling van lees- en rekenvaardigheden (Bull, Espy, & Wiebe, 2008; Gathercole 
et al., 2006).  Bovendien lijkt werkgeheugen gerelateerd te zijn aan het verwerven van 
schoolse vaardigheden in het algemeen, en niet aan het rekenen en/of lezen in het 
bijzonder (Gathercole et al., 2006; St Clair-Thompson & Gathercole, 2006).   
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De Dubieuze Rol van Inhibitie 
De resultaten doorheen dit proefschrift maakten duidelijk dat kinderen met 
leesstoornissen deficits vertoonden in gedragsinhibitie in vergelijking met kinderen 
zonder leesstoornissen.  Deze resultaten zijn in overeenstemming met bijvoorbeeld de 
Jong et al. (2009).  Net zoals onder andere van der Sluis et al. (2004), vonden we echter 
terug dat kinderen met leesstoornissen een normale interferentie controle hebben.  In 
overeenstemming met bijvoorbeeld Censabella en Noël (2008) verschilden de prestaties 
van de kinderen met rekenstoornissen niet significant van de prestaties van de kinderen 
zonder rekenstoornissen op de gedragsinhibitie- en interferentie controle taken.  
Algemene en Specifieke Deficits in Benoemsnelheid 
Kinderen met leesstoornissen waren trager in het snel benoemen van cijfers, 
hoeveelheden, woorden en kleuren dan kinderen zonder leesstoornissen.  Kinderen met 
rekenstoornissen leken echter enkel problemen te ervaren met het snel benoemen van 
hoeveelheden.  Dit lijkt erop te wijzen dat kinderen met leesstoornissen algemene 
deficits hebben in benoemsnelheid (Shanahan et al., 2006; Willburger et al., 2008), 
terwijl kinderen met rekenstoornissen domein-specifieke deficits hebben (Landerl et al., 
2004; Willburger et al., 2008).  Deze bevindingen zijn eveneens in overeenstemming met 
de studie van Heikkilä et al. (2009), waaruit naar voor kwam dat er een sterkere band 
bestaat tussen deficits in benoemsnelheid en leesstoornissen dan tussen deficits in 
benoemsnelheid en leerstoornissen in het algemeen. 
Domein-specifieke versus Modaliteit-overstijgende Deficits 
Dit proefschrift toonde aan dat kinderen met leesstoornissen eerder modaliteit-
overstijgende dan domein-specifieke deficits lijken te hebben.  In Hoofdstuk 7 kwam 
naar voor hoe kinderen met leesstoornissen op alle werkgeheugencomponenten minder 
goed presteerden dan controlekinderen.  Bovendien hadden ze ook een tragere 
benoemsnelheid op alle afgenomen benoemsnelheidstaken ten opzichte van 
controlekinderen (Hoofdstuk 6).  Deze bevindingen zijn niet in overeenstemming met 
wat we eigenlijk zouden verwachten op basis van de fonologische deficit theorie 
(Snowling, 2001), die stelt dat kinderen met leesstoornissen hoofdzakelijk problemen 
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ervaren met taken die beroep doen op fonologische processen (Alonso-Bua, Diaz, & 
Ferraces, 2006).   
 
Bij kinderen met rekenstoornissen is de vraag of ze te kampen hebben met 
domein-specifieke deficits echter minder eenduidig te beantwoorden.  In Hoofdstuk 2 
kwam uit een longitudinale studie naar voor dat kinderen met milde rekenstoornissen 
het op 10-jarige leeftijd minder goed deden dan controlekinderen op zowel fonologische 
als visuospatiaal gerelateerde werkgeheugentaken.  In Hoofdstuk 7 vonden we aan de 
hand van cross-sectioneel onderzoek terug dat kinderen met ernstige rekenstoornissen 
een lagere score haalden op alle werkgeheugencomponenten in vergelijking met 
controlekinderen.  Hoofdstuk 4 liet zien hoe de benoemsnelheid van hoeveelheden van 
kinderen met rekenstoornissen hoger was dan deze van kinderen zonder 
rekenstoornissen.  Hoofdstuk 5 toonde hoe ze trager waren dan kinderen zonder 
rekenstoornissen op de letter- en de cijfermodaliteit van de Go/no-go taak.  Kinderen 
met rekenstoornissen lijken dus cognitieve deficits te hebben die gerelateerd zijn aan 
het verwerken van symbolische, numerische en visuospatiale informatie.  Ondanks het 
feit dat sommige studies uitgaan van problemen met het verwerkingen van numerosities 
als een kerndeficit bij rekenstoornissen (Butterworth, 1999, 2005; Dehaene, Piazza, 
Pinel, & Cohen, 2003; Rousselle & Noel, 2007; Wilson & Dehaene, 2007), lijken onze 
resultaten erop te wijzen dat dit niet het volledige verhaal is.  Net zoals bij 
leesstoornissen (Pennington et al., 2012), vinden we eerder evidentie voor meerdere 
cognitieve deficits die aan de basis (kunnen) liggen van rekenstoornissen (Andersson & 
Ostergren, 2012; Geary, Hoard, Nugent, & Bailey, 2012).  
Werkgeheugen, Inhibitie en Benoemsnelheid als Gedeelde Cognitieve Risicofactoren? 
Een belangrijke doelstelling van dit proefstuk was om op zoek te gaan naar 
mogelijke gedeelde onderliggende cognitieve risicofactoren van lees- en 
rekenstoornissen.  We wilden dus weten of er overlap was tussen cognitieve deficits van 
leesstoornissen en cognitieve deficits van rekenstoornissen.  Ons onderzoek wees uit dat 
werkgeheugen, interferentie controle, gedragsinhibitie of benoemsnelheid geen 
gedeelde onderliggende cognitieve risicofactoren waren.  Op basis van onze bevindingen 
over werkgeheugen, inhibitie en benoemsnelheid lijken we eerder te kunnen 
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concluderen dat de problemen die kinderen met comorbide leerstoornissen ervaren de 
optelsom zijn van de problemen die kinderen met geïsoleerde lees- en rekenstoornissen 
hebben (Van der Sluis et al., 2004; Willburger et al., 2008).  De problemen van deze 
geïsoleerde lees- en rekenstoornissen dienen eerder  onafhankelijk van elkaar bekeken 
te worden.  Hoofdstuk 7 toont echter hoe prestaties op het gedragsniveau wel degelijk 
in de richting van onderadditiviteit lijken te wijzen: er werden significante interactie-
effecten gevonden tussen de lees- en rekenstoornissen en spelling, rekenfeiten en 
hoofdrekenen.  Mogelijks impliceren deze resultaten dat de reden voor de hoge 
comorbiditeit tussen lees- en rekenstoornissen veeleer gezocht dient te worden in 
overlap tussen de cognitieve deficits bij spellings- en rekenstoornissen. 
IMPLICATIES 
Implicaties voor de Klinische Praktijk 
Implicaties voor diagnostiek.  Doorheen dit proefschrift kwam naar voor dat 
heel wat kinderen met leesstoornissen ook problemen ervaren met rekenen en vice 
versa.  In overeenstemming met deze resultaten, werd door Shalev (2004) gevonden dat 
kinderen die reeds ernstige problemen ervaren met een bepaalde schoolse vaardigheid 
vier tot vijf keer meer kans maken om ook op andere schoolse terreinen deficits te 
vertonen.  Het lijkt ons dan ook aangewezen om tijdens de diagnosestelling van 
leerstoornissen steeds lees-, spellings- en rekentests af te nemen. 
Daarnaast vonden we ook evidentie terug voor verschillende cognitieve deficits 
bij kinderen met leerstoornissen in vergelijking met kinderen met leeftijdsadequate lees- 
en rekenvaardigheden.  Deze verschillen werden echter enkel teruggevonden op 
groepsniveau en impliceren dus niet dat alle kinderen met lees- en/of rekenstoornissen 
met deze cognitieve deficits te kampen hebben (Andersson & Ostergren, 2012; Geary et 
al., 2012; Pennington et al., 2012).  Omwille van deze reden zouden we dan ook niet 
adviseren om meteen maten van werkgeheugen, gedragsinhibitie en benoemsnelheid 
mee op te nemen bij een classificerend onderzoek waarbij het stellen van een 
beschrijvende categoriale diagnose centraal staat.  
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Therapeutische implicaties.  Het kan wél zinvol zijn om tijdens 
handelingsgerichte diagnostiek na te gaan of kinderen met leesstoornissen problemen 
ervaren op taken die werkgeheugen, gedragsinhibitie en benoemsnelheid meten en of 
kinderen met rekenstoornissen moeite ervaren met werkgeheugen en (in mindere 
mate) benoemsnelheid.  Op deze manier kan duidelijk in kaart gebracht worden waar 
sterke en minder sterke punten liggen bij kinderen met leerstoornissen.  De sterke 
punten kunnen benadrukt worden, terwijl men in therapie aan de minder sterke punten 
kan werken om die te remediëren of te compenseren waar dit nodig blijkt te zijn.  Indien 
nodig kan men op school en thuis ook gepaste ondersteuning bieden om te 
compenseren voor deze zwakkere cognitieve vaardigheden.  Aangezien we terugvonden 
dat werkgeheugen het meest van tel is, zou het in het bijzonder van belang kunnen zijn 
om, zoals voorgesteld door Gathercole et al. (2006), rekening te houden met snelle 
overbelasting bij kinderen die werkgeheugenproblemen ervaren.  Het zal dan belangrijk 
zijn ervoor te zorgen dat het werkgeheugen van deze kinderen zowel tijdens therapie, 
als thuis en op school niet overbelast wordt.  Op die manier kunnen ze zich beter 
focussen op de eigenlijke lees- of rekenopdrachten.  Gezien deze deficits bij bepaalde 
kinderen met leerstoornissen, kan het hen helpen om als STICORDI-maatregel 
bijvoorbeeld meer tijd te geven voor het maken van huistaken en oefeningen en voor 
het afleggen van examens.  
Implicaties voor Onderzoek 
 Aan het begin van dit hoofdstuk schreven we hoe in Vlaanderen en Nederland 
voldaan dient te worden aan het exclusie-, hardnekkigheid- en ernstcriterium alvorens 
van leerstoornissen kan gesproken worden (Vandermosten et al., 2010).  Ondanks dat 
deze criteria ook ruimer aanhang vinden, worden ze momenteel internationaal niet in 
alle studies eenvormig gebruikt.  Dit proefschrift maakte echter duidelijk dat het 
hanteren van andere criteria echter de resultaten in belangrijke mate kan beïnvloeden.  
In Hoofdstuk 2 vonden we terug dat nagenoeg alle kinderen met een milde 
rekenstoornis op de leeftijd van 10 jaar te kampen hadden met ernstige lees- of 
spellingsproblemen.  Het niet controleren voor lezen en spellen bij rekenonderzoek kan 
invloedrijke gevolgen hebben (Fuchs &Fuchs, 2002).  Dit werd niet alleen uit ons 
onderzoek duidelijk.  Ook andere studies toonden aan dat cognitieve deficits zich bij 
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kinderen met ernstige problemen op beide domeinen anders manifesteren dan bij 
kinderen met problemen op slechts één domein (Jordan, Hanich, & Kaplan, 2003).   
  In dit doctoraat focusten we bovendien op mogelijke onderliggende 
endofenotypes van leerstoornissen.  We besteedden hierbij echter geen aandacht aan 
de interactie tussen kind en omgeving, hoewel heel wat biologische en cognitieve 
deficits waar een persoon mee te kampen heeft, pas duidelijk aan het licht komen als 
deficit in interactie met de omgeving en de maatschappij waarin men leeft (Devlieger, 
Rusch, & Pfeiffer, 2003).  Dit doctoraat toonde aan dat kinderen met leerstoornissen wel 
degelijk een aantal cognitieve deficits hebben, maar ging niet in op de interactie tussen 
deze deficits en de omgeving.  Bij lagere schoolkinderen zijn leerstoornissen het 
duidelijkst doordat kinderen falen in het lezen, spellen en/of rekenen als ze op de 
schoolbanken zitten.  Bovendien heeft onderzoek  in een aantal studies aangetoond hoe 
belangrijk degelijk onderwijs is bij de ontwikkeling van lees-, spel- en rekenvaardigheden 
(Judge & Watson, 2011).  Vervolgonderzoek naar de interactie tussen de gevonden 
cognitieve deficits werkgeheugen, inhibitie en benoemsnelheid en de schoolse context 
lijkt dan ook aangewezen.  
CONCLUSIE 
In de studies die in dit proefschrift aan bod kwamen, werden werkgeheugen, 
inhibitie en benoemsnelheid onderzocht bij kinderen met geïsoleerde leesstoornissen, 
met geïsoleerde rekenstoornissen en met beide stoornissen.  Resultaten wezen uit dat 
alle kinderen met leerstoornissen werkgeheugenproblemen hadden in vergelijking met 
controlekinderen.  Daarnaast waren kinderen met rekenstoornissen trager in het 
benoemen van hoeveelheden dan kinderen zonder rekenstoornissen.  Bovendien 
hadden kinderen met leesstoornissen te kampen met minder sterke prestaties op maten 
van gedragsinhibitie, interferentie controle en benoemsnelheid in vergelijking met 
kinderen zonder leesstoornissen.  Er werd geen evidentie gevonden voor 
werkgeheugen, inhibitie of benoemsnelheid als gedeelde cognitieve risicofactoren van 
reken- en leesstoornissen. 
  
NEDERLANDSTALIGE SAMENVATTING 
234 
 
REFERENCES 
Alonso-Bua, B., Diaz, F., & Ferraces, M. J. (2006). The contribution of AER-Ps (MMN and LDN) to 
studying temporal vs. linguistic processing deficits in children with reading difficulties. 
International Journal of Psychophysiology, 59, 159-167. doi: 
10.1016/j.ijpsycho.2005.03.020 
American Psychiatric Association. (2000). Diagnostic and Statistical Manual of Mental Disorders 
(4th edition) - Text Revision. Washington, DC (USA): American Psychiatric Association. 
Andersson, U., & Ostergren. (2012). Number magnitude processing and basic cognitive functions 
in children with mathematical learning disabilities. Learning and Individual Differences, 
1-14. doi: 10.1016/j.lindif.2012.05.004 
Baddeley, A. (1986). Working memory. Oxford, UK: Clarendon Press. 
Baddeley, A. (2000). The episodic buffer: a new component of working memory? Trends in 
Cognitive Sciences, 4, 417-423. doi: 10.1016/S1364-6613(00)01538-2  
Baddeley, A. D. (2002). Is working memory still working? European Psychologist, 7, 85-97. doi: 
10.1021//1016-9040.7.2.85 
Badian, N. A. (1999). Persistent arithmetic, reading, or arithmetic and reading disability. Annals 
of Dyslexia, 49, 45-70. doi: 10-1007/s11881-999-0019-8 
Barbaresi, W. J., Katusic, S. K., Colligan, R. C., Weaver, A. L., & Jacobsen, S. J. (2005). Learning 
disorder: Incidence in a population-based birth cohort, 1976-82, Rochester, Minn. 
Ambulatory Pediatrics, 5, 281-289. doi: 10.1367/A04-209R.1 
Beghi, M., Cornaggia, C. M., Frigeni, B., & Beghi, E. (2006). Learning disorders in epilepsy. 
Epilepsia, 47, 14-18. doi: 10.1111/j.1528-1167.2006.00681.x 
Beneventi, H., Tonnessen, F. E., Ersland, L., & Hugdahl, K. (2010). Working Memory Deficit in 
Dyslexia: Behavioral and fMRI Evidence. International Journal of Neuroscience, 120, 51-
59. doi: 10.3109/00207450903275129 
Bull, R., Espy, K. A., & Wiebe, S. A. (2008). Short-term memory, working memory, and executive 
functioning in preschoolers: Longitudinal predictors of mathematical achievement at age 
7 years. Developmental Neuropsychology, 33, 205-228. doi: 
10.1080/87565640801982312 
Bull, R., & Scerif, G. (2001). Executive functioning as a predictor of children's mathematics ability: 
Inhibition, switching, and working memory. Developmental Neuropsychology, 19, 273-
293. doi: 10.1207/S15326942DN1903_3  
Butterworth, B. (1999). The mathematical brain. London,UK: Macmillan. 
NEDERLANDSTALIGE SAMENVATTING  
235 
 
Butterworth, B. (2005). The development of arithmetical abilities. Journal of Child Psychology 
and Psychiatry, 46, 3-18. doi: 10.1111/j.1469-7610.2005.00374.x 
Censabella, S., & Noel, M. P. (2008). The inhibition capacities of children with mathematical 
disabilities. Child Neuropsychology, 14, 1-20. doi: 10.1080/09297040601052318 
Chiappe, P., Hasher, L., & Siegel, L. S. (2000). Working memory, inhibitory control, and reading 
disability. Memory & Cognition, 28, 8-17. doi: 10.3758/BF03211570  
de Jong, C. G. W., Van De Voorde, S., Roeyers, H., Raymaekers, R., Oosterlaan, J., & Sergeant, J. 
A. (2009). How Distinctive are ADHD and RD? Results of a Double Dissociation Study. 
Journal of Abnormal Child Psychology, 37, 1007-1017. doi: 10.1007/s10802-009-9328-y 
Dehaene, S., Piazza, M., Pinel, P., & Cohen, L. (2003). Three parietal circuits for number 
processing. Cognitive Neuropsychology, 20, 487-506. doi: 10.1080/02643290244000239 
Denckla, M. B., & Rudel, R. G. (1974). Rapid "automatized" naming of pictured objects, colors, 
letters, and numbers by normal children. Cortex, 10, 186-202. doi: 
http://psycnet.apa.org/psycinfo/1975-24572-001 
Denckla, M. B., & Rudel, R. G. (1976). Rapid automatized naming (ran) - dyslexia differentiated 
from other learning-disabilities. Neuropsychologia, 14, 471-479. doi: 10.1016/0028-
3932(76)90075-0 
Devlieger, P., Rusch, F., & Pfeiffer, D. (2003). Rethinking disability as same and different! 
Towards a cultural model of disability. In P. Devlieger, F. Rusch & D. Pfeiffer (Eds.), 
Rethinking disability (pp. 9-16). Apeldoorn, The Netherlands: Garant. 
Dirks, E., Spyer, G., van Lieshout, E., & de Sonneville, L. (2008). Prevalence of Combined Reading 
and Arithmetic Disabilities. Journal of Learning Disabilities, 41, 460-473. doi: 
10.1177/0022219408321128 
Fletcher, J. M., Francis, D. J., Morris, R. D., & Lyon, G. R. (2005). Evidence-based assessment of 
learning disabilities in children and adolescents. Journal of Clinical Child and Adolescent 
Psychology, 34, 506-522. doi: 10.1207/s15374424jccp3403_7 
Gathercole, S. E., Alloway, T. P., Willis, C., & Adams, A. M. (2006). Working memory in children 
with reading disabilities. Journal of Experimental Child Psychology, 93, 265-281. doi: 
10.1016/j.jecp.2005.08.003 
Geary, D. C. (2011). Consequences, Characteristics, and Causes of Mathematical Learning 
Disabilities and Persistent Low Achievement in Mathematics. Journal of Developmental 
and Behavioral Pediatrics, 32, 250-263. doi: 10.1097/DBP.0b013e318209edef 
NEDERLANDSTALIGE SAMENVATTING 
236 
 
Geary, D. C., Hoard, M. K., Byrd-Craven, J., Nugent, L., & Numtee, C. (2007). Cognitive 
mechanisms underlying achievement deficits in children with mathematical learning 
disability. Child Development, 78, 1343-1359. doi: 10.1111/j.1467-8624.2007.01069.x 
Geary, D. C., Hoard, M. K., Nugent, L., & Bailey, D. H. (2012). Mathematical Cognition Deficits in 
Children With Learning Disabilities and Persistent Low Achievement: A Five-Year 
Prospective Study. Journal of Educational Psychology, 104, 206-223. doi: 
10.1037/a0025398 
Heikkilä, R., Narhi, V., Aro, M., & Ahonen, T. (2009). Rapid automatized naming and learning 
disabilities: does ran have a specific connection to reading or not? Child 
Neuropsychology, 15, 343-358. doi: 10.1080/09297040802537653 
Jeffries, S., & Everatt, J. (2004). Working memory: Its role in dyslexia and other specific learning 
difficulties. Dyslexia, 10, 196-214. doi: 10.1002/dys.278 
Jordan, N. C., Hanich, L. B., & Kaplan, D. (2003). A longitudinal study of mathematical 
competencies in children with specific mathematics difficulties versus children with 
comorbid mathematics and reading difficulties. Child Development, 74, 834-850. doi: 
10.1111/1467-8624.00571 
Judge, S., & Watson, S. M. R. (2011). Longitudinal Outcomes for Mathematics Achievement for 
Students with Learning Disabilities. Journal of Educational Research, 104, 147-157. doi: 
10.1080/00220671003636729 
Kibby, M. Y., Marks, W., Morgan, S., & Long, C. J. (2004). Specific impairment in developmental 
reading disabilities: A working memory approach. Journal of Learning Disabilities, 37, 
349-363. doi: http://web.ebscohost.com/ 
Landerl, K., Bevan, A., & Butterworth, B. (2004). Developmental dyscalculia and basic numerical 
capacities: a study of 8-9-year-old students. Cognition, 93, 99-125. doi: 
10.1016/j.cognition.2003.11.004 
McGrath, L. M., Pennington, B. F., Shanahan, M. A., Santerre-Lemmon, L. E., Barnard, H. D., 
Willcutt, E. G., DeFries, J. C., & Olson, R. K. (2011). A multiple deficit model of reading 
disability and attention-deficit/hyperactivity disorder: searching for shared cognitive 
deficits. Journal of Child Psychology and Psychiatry, 52, 547-557. doi: 10.1111/j.1469-
7610.2010.02346.x 
Murphy, M. M., Mazzocco, M. M. M., Hanich, L. B., & Early, M. C. (2007). Cognitive 
characteristics of children with mathematics learning disability (MLD) vary as a function 
of the cutoff criterion used to define MLD. Journal of Learning Disabilities, 40, 458-478. 
doi: http://web.ebscohost.com/ 
NEDERLANDSTALIGE SAMENVATTING  
237 
 
Neale, M. C., & Kendler, K. S. (1995). Models of comorbidity for multifactorial disorders. 
American Journal of Human Genetics, 57, 935-953. doi: http://www.ncbi.nlm.nih.gov 
Nigg, J. T. (2000). On inhibition/disinhibition in developmental psychopathology: Views from 
cognitive and personality psychology and a working inhibition taxonomy. Psychological 
Bulletin, 126, 220-246. doi: 10.1037//0033-2909.126.2.220 
Passolunghi, M. C., & Cornoldi, C. (2008). Working memory failures in children with arithmetical 
difficulties. Child Neuropsychology, 14, 387-400. doi: 10.1080/09297040701566662 
Passolunghi, M. C., Marzocchi, G. M., & Fiorillo, F. (2005). Selective effect of inhibition of literal 
or numerical irrelevant information in children with attention deficit hyperactivity 
disorder (ADHD) or arithmetic learning disorder (ALD). Developmental Neuropsychology, 
28, 731-753. doi: 10.1207/s15326942dn2803 
Passolunghi, M. C., & Siegel, L. S. (2004). Working memory and access to numerical information 
in children with disability in mathematics. Journal of Experimental Child Psychology, 88, 
348-367. doi: 10.1016/j.jecp.2004.04.002 
Pennington, B. F. (2006). From single to multiple deficit models of developmental disorders. 
Cognition, 101, 385-413. doi: 10.1016/j.cognition.2006.04.008 
Pennington, B. F., Lemmon, L. S., Rosenberg, J., MacDonald, B., Boada, R., Friend, A., Leopold, D. 
R., Samuelsson, S., Byrne, B., Willcutt, E. G., & Olson, R. K. (2012). Individual Prediction 
of Dyslexia by Single Versus Multiple Deficit Models. Journal of Abnormal Psychology, 
121, 212-224. doi: 10.1037/a0025823 
Purvis, K. L., & Tannock, R. (2000). Phonological processing, not inhibitory control, differentiates 
ADHD and reading disability. Journal of the American Academy of Child and Adolescent 
Psychiatry, 39, 485-494. doi: 10.1097/00004583-200004000-00018 
Reiter, A., Tucha, O., & Lange, K. W. (2005). Executive functions in children with dyslexia. 
Dyslexia, 11, 116-131. doi: 10.1002/dys.289 
Repovs, G., & Baddeley, A. (2006). The multi-component model of working memory: 
Explorations in experimental cognitive psychology. Neuroscience, 139, 5-21. doi: 
10.1016/j.neuroscience.2005.12.061 
Rousselle, L., & Noel, M. P. (2007). Basic numerical skills in children with mathematics learning 
disabilities: A comparison of symbolic vs non-symbolic number magnitude processing. 
Cognition, 102, 361-395. doi: 10.1016/j.cognition.2006.01.005 
Rubinsten, O., & Henik, A. (2009). Developmental Dyscalculia: heterogeneity might not mean 
different mechanisms. Trends in Cognitive Sciences, 13, 92-99. doi: 
10.1016/j.tics.2008.11.002 
NEDERLANDSTALIGE SAMENVATTING 
238 
 
Savage, R., Lavers, N., & Pillay, V. (2007). Working memory and reading difficulties: What we 
know and what we don't know about the relationship. Educational Psychology Review, 
19, 185-221. doi: 10.1007/s10648-006-9024-1 
Schmid, J. M., Labuhn, A. S., & Hasselhorn, M. (2011). Response Inhibition and its Relationship to 
Phonological Processing in Children with and without Dyslexia. International Journal of 
Disability Development and Education, 58, 19-32. doi: 10.1080/1034912x.2011.547343 
Schumacher, J., Hoffmann, P., Schmal, C., Schulte-Korne, G., & Nothen, M. M. (2007). Genetics of 
dyslexia: the evolving landscape. Journal of Medical Genetics, 44, 289-297. doi: 
10.1136/jmg.2006.046516 
Shalev, R. S. (2004). Developmental dyscalculia. Journal of Child Neurology, 19, 765-771. doi: 
10.1177/08830738040190100601  
Shalev, R. S., Manor, O., & Gross-Tsur, V. (2005). Developmental dyscalculia: a prospective six-
year follow-up. Developmental Medicine and Child Neurology, 47, 121-125. doi: 
10.1017/s0012162205000216 
Shanahan, M. A., Pennington, B. F., Yerys, B. E., Scott, A., Boada, R., Willcutt, E. G., Olson, R. K., & 
DeFries, J. C. (2006). Processing speed deficits in attention deficit/hyperactivity disorder 
and reading disability. Journal of Abnormal Child Psychology, 34, 585-602. doi: 
10.1007/s10802-006-9037-8 
Siegel, L. S., & Ryan, E. B. (1989). The development of working memory in normally achieving 
and subtypes of learning disabled children. Child Development, 60, 973-980. doi: 
http://www.jstor.org/ 
Snowling, M. J. (2001). From language to reading and dyslexia. Dyslexia, 7, 37-46. doi: 
10.1002/dys.185  
St Clair-Thompson, H. L., & Gathercole, S. E. (2006). Executive functions and achievements in 
school: Shifting, updating, inhibition, and working memory. Quarterly Journal of 
Experimental Psychology, 59, 745-759. doi: 10.1080/17470210500162854 
Stroop, J. R. (1935). Studies of interference in serial verbal reactions. Journal of Experimental 
Psychology, 18, 643-662.  
Swanson, H. L., Jerman, O., & Zheng, X. H. (2008). Growth in working memory and mathematical 
problem solving in children at risk and not at risk for serious math difficulties. Journal of 
Educational Psychology, 100, 343-379. doi: 10.1037/0022-0663.100.2.343 
Swanson, H. L., Zheng, X. H., & Jerman, O. (2009). Working Memory, Short-Term Memory, and 
Reading Disabilities A Selective Meta-Analysis of the Literature. Journal of Learning 
Disabilities, 42, 260-287. doi: 10.1177/0022219409331958 
NEDERLANDSTALIGE SAMENVATTING  
239 
 
Temple, C. M., & Sherwood, S. (2002). Representation and retrieval of arithmetical facts: 
Developmental difficulties. Quarterly Journal of Experimental Psychology Section a-
Human Experimental Psychology, 55, 733-752. doi: 10.1080/02724980143000550 
Van De Voorde, S., Roeyers, H., Verté, S., & Wiersema, J. R. (2010). Working memory, response 
inhibition, and within-subject variability in children with attention-deficit/hyperactivity 
disorder or reading disorder. Journal of Clinical and Experimental Neuropsychology, 32, 
366-379. doi: 10.1080/13803390903066865 
van der Schoot, M., Licht, R., Horsley, T. M., & Sergeant, J. A. (2000). Inhibitory deficits in reading 
disability depend on subtype: Guessers but not spellers. Child Neuropsychology, 6, 297-
312. doi: http://web.ebscohost.com/ 
van der Sluis, S., de Jong, P. F., & van der Leij, A. (2004). Inhibition and shifting in children with 
learning deficits in arithmetic and reading. Journal of Experimental Child Psychology, 87, 
239-266. doi: 10.1016/j.jecp.2003.12.002 
Vandermosten, M., Boets, B., Luts, H., Poelmans, H., Golestani, N., Wouters, J., & Ghesquiere, P. 
(2010). Adults with dyslexia are impaired in categorizing speech and nonspeech sounds 
on the basis of temporal cues. Proceedings of the National Academy of Sciences of the 
United States of America, 107, 10389-10394. doi: 10.1073/pnas.0912858107 
Vellutino, F. R., Fletcher, J. M., Snowling, M. J., & Scanlon, D. M. (2004). Specific reading 
disability (dyslexia): what have we learned in the past four decades? Journal of Child 
Psychology and Psychiatry, 45, 2-40. doi: 10.1046/j.0021-9630.2003.00305.x 
Vukovic, R. K. (2012). Mathematics Difficulty With and Without Reading Difficulty: Findings and 
Implications From a Four-Year Longitudinal Study. Exceptional Children, 78, 280-300. doi: 
http://cec.metapress.com/content/006424t3324j6162/ 
Vukovic, R. K., Lesaux, N. K., & Siegel, L. S. (2010). The mathematics skills of children with reading 
difficulties. Learning and Individual Differences, 20, 639-643. doi: 
10.1016/j.lindif.2010.08.004 
Vukovic, R. K., & Siegel, L. S. (2010). Academic and Cognitive Characteristics of Persistent 
Mathematics Difficulty from First Through Fourth Grade. Learning Disabilities Research 
& Practice, 25, 25-38. doi: 10.1111/j.1540-5826.2009.00298.x 
Willburger, E., Fussenegger, B., Moll, K., Wood, G., & Landerl, K. (2008). Naming speed in 
dyslexia and dyscalculia. Learning and Individual Differences, 18, 224-236. doi: 
10.1016/j.lindif.2008.01.003 
Wilson, A. J., & Dehaene, S. (2007). Number sense and developmental dyscalculia. In D. Cock, G. 
Dawson & K. Fischer (Eds.), Human behavior, learning and the developing brain: Atypical 
development (pp. 212-238). New York, USA: Guilford Press.  
NEDERLANDSTALIGE SAMENVATTING 
240 
 
World Health Organisation. (1992). ICD-10 Classifications of Mental and Behavioural Disorder: 
Clinical Descriptions and Diagnostic Guidelines. Geneva: World Health Organisation. 
Zhang, H. Y., & Wu, H. R. (2011). Inhibitory Ability of Children with Developmental Dyscalculia. 
Journal of Huazhong University of Science and Technology-Medical Sciences, 31, 131-
136. doi: 10.1007/s11596-011-0164-2 
 
 
 
